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tributed to its success. 

I remain, my dear Sir, 
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PREFACE 


TO 

THE ELEVENTH EDITION. 


The wide circulation which luy ‘Catechism of the 
Steam Engine’ has obtained entails upon me this 
responsibility, tliat I shall not suffer the informa- 
tion which it imparts to become antiquated, but 
tliat I shall, from time to time, so far revise its 
contents as to keep them in accord with the con- 
temporaneous maxims of engineering art, knd .with 
the latest improvements in engineering practice. 
As this work, while descending to the apprehen- 
sion of the tyro, pretends to rise to the level of 
the knowledge of the most proficient practitioner, 
it is quite indispensable, in order to justify this 
pretension, that it shall give the information of 
to--day rather than the information of yesterday ; 
and in the present edition I have spared no pains 
to realise this condition of continued appreciation 
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and authority. I have, accordingly, not merely 
revised the work carefully through oui,, but I have 
added an Introduction of nearly half the size of 
the work itself, in which I have endeavoured to 
collect all the most recent and valuable informa- 
tion connected with the steam engine in its pre- 
sent most eligible developments, to the end that 
the reader might he made acquainted with the 
last touches of improvement and the most accre- 
dited maxims of present practice. Numerous 
examples illustrative of recent progress in every 
class of engine have been introduced, so that the 
woodcuts in tlie Introduction considerably out- 
number those in the original work, showing both 
the engineering activity of the last ten years, and 
tlie solicitude with which everything new and 
important has been collected. 

I may here take occasion to notify that the 
^ Handbook of the Steam Engine,’ which I have 
mentioned in previous prefaces as intended to 
contain all the rules in the < Catechism ’ and some 
others worked out at length, with appropriate 
examples, I have at length been able to com- 
plete ; and I trust that this work will be found to 
he a useful companion to the ‘ Catechism,’ and 
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that it will meet with an equally wide acceptation. 
I have spared no pains to render it simple, reliable, 
and practically useful to the engineer, feeling it 
incumbent upon me to endeavour in some mea- 
sure to justify the high expectations which the 
announcement of the work has raised. 

J. Bourne. 


Berkeley Vilt-a, Regent’s Park Roai>, 
London: I860. 




PREFACE 


TO 

THE FIKST EDITION. 


The present work is not intended as a substitute 
for the quarto Treatise on the Steam Engine which 1 
lately published, but is rather to be regarded as an 
introduction and in some measure also as a supple- 
ment to that work. Notwithstanding the existence 
of the larger Treatise, it appeared to me that a 
Avork upon the steam engine, which in a mode- 
rate compass should give an outline of the whole 
subject in its practical aspect, would still be of much 
utility. There are, no doubt, many coinpendiums 
already existing which profess to accomplish this 
object, but I have not met with any which were 
calculated to satisfy even the most moderate expecta- 
tions. Most of them are mere compilations from 
theoretical authors, and abound even with scientific 
errors, whilst indicating the absence of any practical 
acquaintance with the subject ; so that tliey possess 
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but slender claims upon the attention of the engineer, 
or indeed of any one desirous of obtaining accurate 
information on the subject of which they treat. I 
hold it to be the first quality of an introductory work 
that it should at least be sound — that the doctrines it 
inculcates, and the lessons it conveys, shall not all 
have to be unlearned again at a subsequent stage of 
progress ; and whatever be its other characteristics, 
I believe that the present work will at least be found 
to conform to this standard of utility. It en bodies, I 
believe, the best information now existing upon tlie 
subjects of which it treats — not taken from books, 
nor deduced from mere theoretical considerations, but 
derived from my own practice or from the personal 
communications of the most experienced engineers of 
the present time. 


JOHN BOURNE. 



PREFACE 


TO 

THE FOURTH EDITION. 


Fok some years past a new edition of this work has 
been called for, but I was unwilling to allow a new 
edition to go forth with all the original faulty of tlie 
work upon its head, and I have been too much 
engaged in the practical construction of sleaui ships 
and steam engines to find time for the thorough 
revision which I knew the work required. At length, 
however, I have sufficiently disengaged myself from 
these onerous pursuits to accoinplisli tliis necessary 
revision ; and I now offer the work to the public, with 
the confidence that it will be found better deserving 
of the favourable acceptation and high praise it has 
already received. There arc very few errors, either 
vS fact or of inference, in the early editions, which I 
iiave liad to correct; but there are many omissions 
which I liave had to supply, and faults of arraiigemcnt 
and classification which 1 have hud to rectify, I have 
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also had to bring the information, which the work 
professes to aiford, up to the present time, so as to 
comprehend the latest improvements. 

For the sake of greater distinctness the work Is now 
divided into chapters. Some of these chapters are 
altogether new, and the rest have received such 
extensive additions and improvements as to make the 
book almost a new one. One purpose of my emenda- 
tions has been to render my remarks intelligible to a 
tyro, as well as instructive to an advanced student. 
With this view, I have devoted the first chapter to a 
popular description of the Steam Engine — which all 
may understand who can understand anything — and 
in the subsequent gradations of progress I have been 
careful to set no object before the reader for the first 
time, of which the nature and functions are not 
sihiultancously explained. The design I have pro- 
posed to myself, in the composition of this work, is to 
take a young lad who knows nothing of steam 
engines, and to lead him by easy advances up to the 
highest point of information I have myself attained ; 
and it has been a pleasing duty to me to smooth for 
others the path which I myself found so rugged, and 
to impart, for the general good of mankind, the secrets 
which others have guarded with so much jealousy. 
I believe I am the first author who has communicated 
that practical information respecting the steam engine, 
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which persons proposing to follow the business of an 
engineer desire to possess. My business has, there- 
fore, been the rough business of a pioneer ; and while 
hewing a road through the trackless forest, along 
which all might hereafter travel with ease, I had no 
time to attend to those minute graces of composition 
and petty perfections of arrangement and collocation, 
which are the attribute of the academic grove, or the 
literary parterre. I am, nevertheless, not insensible 
to the advantages of method and clear arrangement 
in any work professing to instruct mankind in the 
principles and practice of any art ; and many of the 
changes introduced into the present edition of this 
work are designed to render it less exceptitmable in 
this respect. The woodcuts now introduced into the 
work for the first time will, I believe, much increase 
its interest and utility; and upon the whole I am 
content to dismiss it into circulation, in the belief 
that those wlio pcTuse it attentively will obtain a more 
rapid and more practical acquaintance with the steam 
engine in its various applications, than they would be 
likely otherwise to acquire. 

I have only to add that I have prepared a sequel to 
the present work, in the shape of a Hand Book of the 
Steam Engine, containing tlie whole of the rules given 
in the present work, illustrated by examples worked 
out at length, and also containing such useful tables 
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and other data, as the engineer requires to refer to 
constantly in the course of his practice. This work 
may be bound up with the “ Catechism,*’ if desired, 
to which it is in fact a Key. 

I shall thankfully receive from engineers, either 
abroad or at home, accounts of any engines or other 
inachinery, with which they may become familiar in 
their several localities; and 1 shall be happy, in my 
turn, to answer any inquiries on engineering subjects 
which fall within the compass of my information. If 
young engineers meet with any difficulty in their 
studies, I shall be happy to resolve it if 1 can ; and 
tlH3y may communicate with me upon any such point 
w ithout hesitation, in whatever quarter of the world 
they may happen to be. 


JOHN BOURNE. 


y Billitor St root, Loudon, 
I»jta.rch L'.r, Uu'jb. 



PREFACE 


TO 

THE FIFTH EDITION. 


The last edition of the present work, consisting of 
3500 copies, having been all sold off in about ten 
raonths, I now issue anotlier edition, the demand for 
the work being still unabated. It affords, certainly, 
some presumption that a work in some measure 
supplies an ascertained want, when, though address- 
ing only a limited circle — discoursing only of tech- 
nical questions, and without any accident to stimulate 
it into notoriety, — it attains so large a circulation as 
the present work has reached. Beside.s being re- 
printed in America, it has been translated into Ger- 
man, French, Dutch, and I believe, into some other 
languages, so that there is, perhaps, not too much 
vanity in the inference that it has been found ser- 
viceable to those perusing it. I can with truth say 
that the hope of rendering some service to mankind, 
a 



xviii 


PIIETACE TO THE FIFTH EDITION. 


in my day and generation, lias been my cliief induce- 
ment in writing it, and if tliia end is fultilled, I have 
nothing furtlier to desire. 

1 regret that circumstances have prevcntf^d me from 
yet issuing the Hand-Book ” which 1 have liad for 
some time in preparation, and to whicli, in my Preface 
of last year, 1 referred. I hope to have sulficient 
leisure shortly, to give that and some other of rny 
lilerary designs the necessary attention. Whatever 
may have been the other impediments to a more 
prolific authorship, certainly one of them has not been 
the coldness of the approbation with which my eflbrts 
have been received, since my past performances seem 
to me to have met with an appreciation far exceeding 
their deserts. 


JOHN BOUBNE. 


February 2nd, 1857. 
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INTRODUCTION 


TO 

CATECHISM OF THE STEAM ENGINE. 


In this Introduction I propose to recapitulate the moat 
useful information I liave been able to collect res- 
pecting the improvements which have been made in 
the steam engine during the last decennium. 

As this work addresses practical engineers, and not 
mere desultory or superficial enquirers, it is indis- 
pensable that the information it affords should not 
only be intrinsically sound and practical, but that it 
should be cleared of all tinge of antiquity. In an 
art so rapidly progressive as mechanical engineering, 
the knowledge of ten years ago is no longer adequate 
to satisfy the wants or direct the operations of present 
practice ; and, under this conviction, it has appeared 
to me that the time has come when it would be proper 
to review the information which the present work 
contains, in order that it might be rendered more 
conformable to the accredited maxims of the time, 
and also that reliable information respecting altered 
modes and new improvements might be fully afforded. 
To this end I have carefully revised the text of the 
last edition ; and I have introduced such alterations 
into it as appeared to me to be necessary to make the 
b 
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work consistent with the best indications of modern 
practice. But these alterations have not been 
numerous or extensive, as I found that although there 
was a good deal to add there was little to alter ; and 
it seemed to me that the requisite additions could be 
much more conveniently made in a separate discourse, 
which would be introductory to the work, and which 
might be purchased separately by the possessors of 
the former editions, than by incorporating such new 
information in the body of the work itself, whereby 
it would be rendered inaccessible to all who did not 
feel disposed to purchase the entire volume. Under 
these convictions I have proceeded to prepare the 
present introduction ; and I trust that it will be 
found to answer its intended purpose of giving an 
accurate and vigorous outline of contemporaneous 
engineering knowledge in its most select manifesta- 
tions, and that it will set the reader face to face with 
the works and opinions of those who are justly ac- 
counted the leaders of the art, so that ho will be 
able to feel that he has been brought up to the 
highest point of information yet reached by the most 
eminent practitioners. It is this vitalizing species of 
knowledge which alone renders engineering works of 
much value ; and the place of it can never be supplied 
by the resources of abstract speculation, or the pale 
reflections of the literary compiler. 

THERMO-PYNAMICS. 

One of the ablest scries of researches which has 
been made of late years on subjects connected with 
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Steam, is that by which Mr. Joule has established the 
mutual relations of heat and power. It has long 
been known that heat may be made to produce power, 
and that power may be made to produce heat. But 
Mr. Joule has shown by elaborate experiments that 
the lieat produced by friction is the mechanical equi- 
valent of the power expended in maintaining the 
friction ; and that tlie power represented by tlie de- 
scent of a pound weight through 772 feet, or 772 lbs. 
through one foot, would, if expended in friction, 
produce as much heat as would raise the temporjituiu* 
of a pound of water one degree Fahrenheit. If we 
liad a perfect engine for extracting tlm power from 
lieat, we ought to be able to recover from the heat 
generated by friction the exact amount of power cx- 
yxMided in generating the heat. But in the best 
existing steam engines it is found that only about 
07ie ieyith of the value of the heat is obtained as 
power, the residue being wholly wasted ; so that 
if a steam engine were employed to generate heat 
by friction, only one tenth of the power would 
bo obtained that would have to bo consumed in 
the production and maintenance of the friction. 
The steam engine, indeed, has now been found to 
be a very wasteful machine ; and the cause of the 
waste is traceable to the fact that it deals with ex- 
tremes of temperature but little removed from one 
another, instead of with extremes of temperature as 
far removed from one another as possible. As in a 
waterfall the power generated with any given quan- 
tity of water is measureable by the difference of 
level between the highest and the lowest points, so 
ba 
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in a steam engine the power generated with any 
given quantity of heat is measurable by the difference 
of temperature between the boiler and the condenser. 
The greater tliis difference is, the larger will be the 
proportion of heat utilized as power. But as in 
common furnaces the temperature may be taken at 
3,000 degrees above the temperature of the atmo- 
sphere, while the temperature of the boiler is only 
about 200 degrees above the temperature of the con- 
denser, the larger part of the fall in the temperature 
is lost, or not utilized, and the engine is consequently 
not nearly so effective as it would be if the steam 
could be received at the temperature of the furnace 
and expanded down to the temperature of the con- 
denser. In practice there are impediments to the 
use of steam hotter than that which is at present em- 
ployed. But it is, nevertheless, proper to understand 
that either a very much higher initial temperature 
must be dealt with, or else the combination of the 
fuel with oxygen must be conducted under such cir- 
cumstances as to generate power rather than heat, 
before that measure of economy in the production of 
power can be attained which is known to bo possible. 
In the animal economy a given quantity of carbon 
produces its equivalent of power with far less waste 
than in the best steam engine, although the tempera- 
ture is not great : and the same result takes place in 
a Voltaic battery — the electricity generated by which 
may be made to work an engine with far less loss 
than its equivalent quantity of heat. It does not, 
however, appear to be in the least probable that 
electro-magnetic engines will be brought into use to 
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supersede steam engines, unless some means should 
be discovered of obtaining the electricity from coal 
instead of zinc. Zinc, like coal, may be burned, and 
will produce heat. But a pound of coal consumed in 
an engine will produce more than twice the power 
produced in a Galvanic battery by a pound of zinc, 
and the cost of the coal will also be very much less. 

SUPEUHEATING, 

The practice of superheating the steam before per- 
mitting it to enter the engine is now very generally 
pursued, especially in steam vessels ; and the innova- 
tion has been productive of a material saving of fuel 
in many cases. The reasons which render super- 
heating a source of economy may be inferred from the 
foregoing remarks on Thermo-dynamics ; and in the 
first edition of my Treatise on the Steam Engine, 
published in 1844 — which was long before the 
benefits of superheating were recognized — an inves- 
tigation was given of the economy to bo derived 
from a certain assigned amount of superheating. 
This investigation was first made by me in 1834, and 
subsequent experience has shown that the estimate 
then arrived at was pretty nearly correct. It was, 
however, at the same time, pointed out by me in the 
Treatise on the Steam Engine, and also in the first 
edition of the Catechism of the Steam Engine, pub- 
lished in 1848, that the expedient of superheating 
would, no doubt, lead to the internal corrosion of the 
superheating vessel, and also of the internal parts of 
the engine ; and this anticipation has also been 
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verified by the result* It is found in practice that 
if the steam is superheated to a temperature ex- 
ceeding 315 degrees, the hemp packings of the stuf- 
fing boxes will be burned, the oil or tallow used in 
the engine will be carbonized, and the cylinders and 
valves will be liable to bo grooved and injured by the 
heat and friction of the rubbing parts. In boilers 
already producing dry steam, and possessing an 
adequate amount of licating surface, tho saving in 
coal accomplislied by superheating common low 
])ressure steam to this extent may be set down as 
about 10 per cent. ; and although a larger economy 
than this has been obtained in some cases, the in- 
creased advantage is to be imputed to the acquisition 
of an increased heating surface, whereby the heat 
lias been utilized in drying the steam that previously 

* When tho first edition of tho present work appeared in 
1848, the pnietice of transmitting the smoke through the 
steam chest in marine boilers was universal ; and it will be seen 
at ]•, 257 that 1 reprehended that praetice as certain to occasion 
internal corrosion of the steam chest, and I recommended that, 
the smoke should be transmitted to the exterior of the boiler 
witliont being pjissed through the steam chest at all. This re- 
eommendatio:* appears to have been adopted, ns the smoke is 
rarely, if ever, now transmitted through the steam chest ; and 
the internal eoiTosion of the steam chest has consecpiently ecased 
to he a source of injury. But where superheaters are cmj)loyed 
tlie same internal corrosion which was formerly experienced in 
the steam chest reappears in the superheater — though, as this is 
a removable vessel, and one from which the steam can at any 
time be shut off, the evil of internal corrosion is not so serious 
when occurring there, as if it took place in tho boiler itself. 

I believe that the internal corrosion of superheaters might he 
prevented by placing pieces of charcoal within them, either in a 
wire cage or otherwise, for the carbon would satisfy the affinity 
of the oxygen which now produces oxidation, and would thus 
leave the iron free from attack. 
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ascended the chimney — rather than to the superior 
efficacy of a given quantity of heat when distributed 
in the assigned proportion between the water and 
the steam.* Upon the whole, superheating is now 
rather on the decline ; at all events, it is not now 
carried much beyond that point which suffices to 
dry the steam, and to prevent the steam within the 
cylinder from suffering partial condensation, either 
by external radiation or by the generation of power. f 

* In some cases where a large amount of advantage lias been 
obtained from the application of superheaters, although the 
steam has not been heated to any inconvenient temperature, a 
part of the benetit is explicable on the sup)H>sition that the 
steam which was before mixed with spray has been dried in the 
su])crheater, whereby its volume has been much augmented 
although its temperature has not been very muclii raised. This 
benefit is manifestly a difrerent one from that of superheating 
proper, and in a boiler already producing dry steam it would 
not be obtained. 

f Steam in the production of pow^er is itself condensed ; and 
less heat will pass into the condenser than is generated in the 
boiler by the amount that is the equivalent of the power gene- 
rated. If this were not so, a steam-engine would be a heat- 
producing engine ; for the power of the engine is capable of 
producing heat by friction, and if we had in the condenser all 
the heat which the coal can generate, and if we also had the 
heat generated by tie friction, we should have a total amount of 
heat greater than the coal could geiieratc, which is an absurd 
supposition. There will consequently always be in the con- 
denser less heat than the boiler produces ; and the greater this 
disparity — supposing there is no loss by radiation — the more 
etreetive the engine will be. In a perfect engine the temperature 
of the condenser would not be raised at all ; but the heat would 
wholly disappear by its transformation into power. In such an 
engine the steam would enter the cylinder at the temperature of 
tlic furnace ; and as it expanded more and more, its temperature 
would full more and more, until finally it entered the condenser 
at the same temperature as the condenser itself- Such an engine 
indeed would not require a condenser, since the steam would 
itself condense as the heat left it by its transformation into power. 
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But condensation is equally hindered by the applica- 
tion of a steam jacket; and high-pressure steam 
worked expansively in jacketed cylinders, combined 
with surface condensers in the case of steam vessels 
using salt water, is now regarded as the most pro- 
mising expedient of economy. 

The construction of superheaters is very various. 
But in most cases the steam is sent through a faggot 
of small tubes set in the smoke at the root of the 
chimney. 

An example of this arrangement is given in Jig. 1, 
wliich is a representation of the superheater intro- 
duced by Messrs. R. Napier and Sons into the 
steamer ^ Oleg,’ belonging to the Russian Steam Na- 
vigation Company, a is the boiler, and a the uptake 
of the boiler; d position of inlet valve connecting boiler 
with superheater ; d and p inlet and outlet chambers 
of superheater ; e tubes through which the steam 
passes ; g double outlet stop-valve chest, in which g 
connects superheater to steam pipe, and A connects 
boiler to steam-pipe direct, h is the chimney. The 
smoke in ascending the chimney impinges on the 
tubes transmitting the steam, whereby the steam is 
heated to the required extent. 

In Lamb and Summers’ superheating arrangement, 
a narrow rectangular pipe or chamber — whicli winds 
in a zigzag manner like the flue of a flue boiler — 
conducts the steam backwards and forwards amongst 
the smoke at the root of the chimney, until finally 
the steam debouches in the steam pipe. 

This superheater is shown in Jig. 2, where A is 
the winding rectangular chamber ; b the stop valve 
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for admitting steam into the superheater; c slop- 
valve for letting steam pass from the boiler to the 


Fig. i. 



Superheating Apparatus ok S. S. Olkg, by R. Napier ani> Sons. 18C0. 
Longitudinal Section. 


engines without passing through superheater; d stop- 
valve for shutting off superheater ; G is the chimney; 
F is a door for getting into it, and h n is a ring or 
cooming, over which the chimney passes^ and the 
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space between which and the chimney is filled with 
fire-clay to keep it tight. 


Efff. 2 . 



Lamb and Summeiis’ SrPKRiiRATiNa Ai’Paratt;s, i860. Vertical Section. 


Another example of Lamb and Summers’ super- 
heater is given in 3, which is a ground plan of 
the superheater as applied to four boilers, collectively 
of 400 horse power. The steam space is 4 inches 
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wide, and the smoke spaces are each 6^- inches wide. 
The winding length tlirongh which the steam is con- 
ducted is 51 feet 9 inches, and the height of the 



Lamb and Sdaimers’ Superheating Apparatus, 1‘'G5. Ground riaii. 


winding chamber is 5 feet 7 inches. The total area 
of heating surface in the superheater is 600 square 
feet, which is just 1| square feet per nominal horse 
power. The steam issues from the boiler through 
the stop-valves cccc^ enters the superheater through 
the stop- valve «, and escapes through the stop- 
valve 
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Another form of superheater is shown in fig* 4, 
which is the superheater constructed by Messrs. 
Boulton and Watt for the steamer Great Eastern. 


Fig^A. 



SUPBEUBATINO APPARATUS OK GRRAT EaSTERN, IIY UOULTON, WaTT, 
AND Co. GrouuU FImu. 


This superheater consists of a square chest placed 
over the uptake at the foot of the chimney, and filled 
with vertical pipes through which the smoke passes. 
In this case the steam passes on the outside of the 
tubes, whereas in most cases it passes through the 
tubes as shown in^;^^. 1. 


BEST ARRANGEMENTS FOR SAVING FUEL. 13 

A common proportion of surface given to siiper- 
lieaters is 4 square feet per nominal horse power. 
But this is quite too much, and square feet per 
nominal horse power is sufficient. As, however, the 
nominal horse power is so indefinite a quantity as 
regards the boiler, it will be preferable to fix the 
surface of the superheater at *3 square feet per cubic 
foot of water evaporated. It is of course necessary 
to be careful in introducing superheaters not to con- 
tract the area for t)ie ascent of the smoke up the 
chimney, wliich should be left quite as large as 
before. 

HIGH PRESSURE, EXPANSION, AND SURFACE 
CONDENSATION. 

The use of a high-pressure of steam worked ex- 
pansively is now beginning to acquire general accep- 
tation in every class of engines ; but, in steam ves- 
sels, the use of steam of any considerable pressure 
involves the necessity of employing surfiice conden- 
sers, so that the boilers may be fed with fresh water, 
as where salt water is used there is always the risk 
of salting ; and if a boiler with a high-pressure of 
steam were to be salted up, so as to become red hot, 
it would probably burst. I have long discerned tin; 
importance of this combination for the purposes of 
steam navigation ; and in 1838 I took out a patent 
for using high-pressure steam expansively in steam 
vessels, in which plan the feature of external con- 
densation was introduced. The boiler proposed to 
be used, and which was practically constructed by 
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me at that time, was a cylindrical one, and it was 
trav^crsed by brass tubes inches in diameter, being 
the first example, so far as I am aware, of a tubular 
boiler like that of a locomotive applied to the pur- 
poses of steam navigation. The steam was pro- 
posed to be used expansively, and was cut off by a 
slide valve foi'med of two moveable plates worked 
on the back of the common slide valve ; and the 
degree of expansion was regulated by a right and 
left-hand screw, wdiich drew the plates nearer to- 
gether, or separated them wider apart, according as 
much or little expansion was desired. The .spindle 
on wdiich the screws were cut passed tlirougli a 
stufling-box, and w-as armed at the top with a small 
w’heol, by turning which the amount of the expan- 
sion w’as determined. This wuis the first example, I 
believe, of a class of expansion valve much employed 
by IVIeycr of Vienna and many other Continental en- 
gineers, and which indeed lia.^ now come into ex- 
tensive use both abroad and at home. 

The steam under the arrangement recited w^as 
proj)oscd to be condensed by being sent through a* 
number of small copper tubes imraerged in cohl 
w^ater. This method of condensation had been ori- 
ginally employed by Watt, but was dismissed by him 
on account of the cumbrous nature of the aj)paratus 
it involved, without conferring compensating benefit ; 
and it was afterwards revived by Samuel Hall, about 
1835, as an expedient for rendering marine boilers 
less subject to rapid decay than at that time they 
were found to be. But as Hall’s condenser was not 
found to increase the durability of the boilers, it 
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was discarded as an unserviceable innovation, winch 
would liardly have been its fate if it had been com- 
bined with the use of high pressure steam, and if it 
had been shown that its employment was necessary 
to enable high pressure steam, with its concomitant 
benefits, to be applicable with safety. For many 
years, however, there was a marvellous apathy among 
the proprietors of steam engines regarding the con- 
sumption of fuel, except in Cornwall, where the 
system which prevailed of ascertaining and publish- 
ing the consumption of a great number of engines 
induced corresponding emulation and improvement. 
But the conviction has at length dawned upon ns 
that in the case of all processes requiring a largo 
expenditure of power, and especially in the case of 
steam navigation, the difference between a large and 
small consumption of fuel is so momentous that it 
may determine the success or failure of the specula- 
tion ; and surface condensation is now very properly 
regarded not as a primary source of gain, but as an 
expedient for saving fuel by enabling steam of a high 
pressure to be used in steam vessels with safety. The 
surface condensejrs are nearly in all cases formed with 
small brass or copper tubes, and these tubes are 
sometimes drawn out of the solid, and sometimes 
formed out of brass or copper sheets brazed. Tho 
tubes with the brazed joints are, on the wliolc, tho 
best, as in tho drawn tubes the smallest speck in the 
metal is drawn out or elongated into a crack ; and 
such tubes are consequently more liable to split. In 
some cases tlie water is sent through the tubes and in 
other cases the steam ; but, on the whole, the best 
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practice is to send the water through the tubes ; and 
the steam should enter at the opposite side from the 
water, so that the hottest steam may meet the hottest 
water. The proportion of condensing surface com- 
monly allowed for each nominal horse power varies 
from 12 to 18 square feet, and some engineers main- 
tain that there should be as much cooling surface in 
the condenser as there is heating surfiice in the 
boiler — a conclusion from which I dissent altogether. 
I believe that 10 square feet per nominal horse power 
would be more than sufficient in all ordinary cases, 
if the surface were properly disposed, and a rapid 
circulation of the refrigerating water were main- 
tained ; and indeed in a really well-constructed con- 
denser, employing a small jet, I feel persuaded that 
1 square foot of condenser surface for each cubic 
foot evaporated from the boiler would bt} sufficient. 
The main condition of efficiency in condensers is the 
maintenance of a very rapid circulation of water 
through the tubes. The usual arrangement is to place 
the tubes horizontally in a square box, and to bring 
in the water at the bottom of the box, and the steam 
at the top. The water frequently passes through 
one-third of the tubes at first, and is then returned 
through another third lying immediately above, and 
finally through the third portion, so that the hottest 
water meets the entering steam. But in scarcely any 
condenser is the circulation rapid enough, and it is 
much better to have a little more area in the circu- 
lating pump, which will save surface in the con- 
denser. 

In Hall’s condensers a good deal of trouble was at 
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first experienced from the tallow supplied to the 
piston and stuffing boxes being distilled over with 
the steam and concreting in the tubes, so as to choke 
them up ; and in consequence of this occurrence oil 
was finally used for the pistons and stuffing boxes 
instead of tallow. The same inconvenience has re- 
curred in some of the recent surface condensers ; and 
in engines furnished with such condensers it appears 
advisable to use oil instead of tallow, and also to use 
as little of it as possible. It is further advisable to 
feed the oil to the stuffing boxes and pistons con- 
tinuously, by some such arrangement as it is fed to 
the bearings by, as the necessary amount of lubrica- 
tion will be thus given with the least oil. 

Where hot steam is employed in jacketed engines, 
and much tallow is introduced, it is found that the 
tallow is decomposed, and carbonises the piston ; so 
that after a time the piston becomes like a piece of* 
plumbago, or like cast iron which has been long 
immersed in sea water, and which finally becomes so 
soft tliat it may be cut by a knife. It is further found 
that instead of the surface condensers conducing to 
the durability of the boilers, they have the very 
reverse operation, and that it is. necessary to in- 
troduce a certain proportion of salt water from tJje 
sea to prevent the boilers from being rapidly 
destroyed. Not only is the grease from the engine 
carried into the tubes of the condenser, but a certain 
proportion of it passes into the boiler; and the 
verdigris formed by the action of the grease upon the 
brass or copper tubes also distils over and attacks the 
surface of the iron within the boiler, so that in a short 
c 
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time it is eaten into pits and indentations, and 
becomes covered with an efflorescence of red rust. 
The presence of pieces of zinc within the boiler would 
probably hinder or retard this action ; but the best 
antidote appears to be the introduction of a small jet 
of salt water into the condenser, which, if em- 
ployed while the boiler is still new, will have the 
effect of covering the flues with a thin enamel of 
scale.* There should bo no means of shutting off 
any of the surplus water thus introduced ; but the 
surplus should escape spontaneously when the level 
becomes too high. The application of such a jet, more- 
over, will, if judiciously made, enable the refrigeratory 
surface of the tubes to be very much reduced, as the 
tubes will only bo required to condense the hotter 
])art of the steam, while the vapour may be condensed 
by the supplementary jet, if it is introduced at the 
pro])cr place. 

The introduction of surface condensers into ocean 
vessels performing long voyages has revealed many 
weaknesses of the system which are no doubt super- 
able. But the conviction arises that the remedy may 
come too late ; and it is exceedingly doubtful whether 
surface condensers will succeed in maintaining the 
ground they at present occupy. The experience of 
the corrosive action of such condensers on the boilers 

* New boilers should be worked wholly with salt water at 
first, until a scale forms upon them. The sulphate of lime in 
sea water is deposited at the temperature due to the pressure of 
three atmospheres without any concentration at all; so that with 
liigh-pressure steam in boilers U'ing salt water, the more blow- 
iug-off there is, the more deposit there will be. 
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is universal ; and in some cases, where the boiler has 
been worked with salt water after the corrosive action 
had set in, the scale purposely produced from the salt 
water could not be got to adhere solidly to the iron, 
but when struck it fell off in flakes, revealing a thick 
coating of rust below. In such cases it has been 
found advisable to beat off all the rust and scale, and 
to cover the interior of the boiler with a thin coating 
of Scott’s cement ; after which it was found that tlie 
scale would permanently adhere. The water of 
boilers using surface condensers becomes in time of a 
bluish hue — a phenomenon due partly peihaps to the 
carbonisation of the oil or tallow which the water re- 
sulting from the condensation brings into the boiler 
with it, and partly to tlie distilled verdigris. I see 
no reason to doubt that practical objections such as I 
have here enumerated, which are the natural incidents 
of all innovation, will in time be surmounted. But I 
am not equally confident that the time for surface 
condensation has not gone by. Thirty, or even twenty 
years ago, the practical establishment of the system in 
connexion with high steam and expansive action, would 
have been a practical benefit. But the method I have 
since suggested for maintaining any desired amount of 
freshness in the water of the boiler without any mate- 
rial waste of heat in blowing off, constitutes an alterna- 
tive method, which, by conferring most of the benefits 
of surface condensation without the evils, subverts the 
ground on wliich the system of external condensation 
rests, so that, like many other tardy realisations, it now 
comes too late. The sulphate of lime may be ob- 
stracted by filtration or deposition in a separate vessel 
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heated to the temperature required, to ensure the 
separation of the lime. 

When surface condensers are used, it is the best 
arrangement witli reci{>rocating pumps, to draw the 
water through the tubes, rather than to force it 
through. The circulation should be very rapid, and 
all the arrangements should be such as to enable the 
condenser to be converted at once into an ordinary 
condenser, should any circumstance occur to render 
the transformation advisable. In America a form of 
condenser is sometimes used in lyhicli there is a 
vacuum both within and without the tubes, under 
which arrangement the tubes may be very thin, as 
there is no pressure upon them. 

The tubes of surface condensers are usually half or 
five-eighths of an inch in diameter, and from five to 
seven feet long. But it is better to make them shorter 
and larger in diameter. They are sometimes fixed 
in with a brass screw — ^witha linen washer below, so 
as to form a gland at the end of each tube — the 
screw being screwed into the tube plate ; and at other 
times the whole end of the barrel or case containing 
the tubes is covered with a sheet of india rubber, 
perforated to let the tubes through, and witlj a metal 
plate, similarly perforated but with somewhat smaller 
holes, screwed down on the india rubber. This last 
is the simplest arrangement, and it is now widely 
adopted. 

The species of condenser proposed by mo as a sub- 
stitute for surface condensers, consists of a common con- 
denser fitted with two jets, one of which is placed in the 
eduction pipe, or very high up in the condenser ; and 
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the other about the centre of the condenser. The 
water which enters by the highest jet, and which the 
steam first encounters, is not sufficient fully to 
condense the steam, but is itself heated to the boiling 
point — in which state it is withdrawn to feed the 
boiler ; and this boiling feed, being in excess of the 
requirements of the boiler, and being purposely so 
arranged that it cannot be shut off, involves the ne- 
cessity of a large amount of continuous blowing ofi’. 
It is obvious that in this arrangement the ordinary jet 
will condense the residue of the steam not condensed 
by the first jet, and will maintain the vacuum at the 
proper point ; and this will be done with less condens- 
ing water than usual, as if some of the water is with- 
drawn very hot, there will be less heat remaining to be 
abstracted by the rest. Even in surface condensers it 
would be advisable to heat the feed water by injecting 
it into the steam entering from the eduction pipe 
before sending it into the boiler, as there is a manifest 
loss by sending the feed water into the boiler very 
cold, and probably a very small surface condenser 
with supplementary jet is the best arrangement in 
engines using high steam. 

In some engines the circulation of the refrigera- 
tory water through the condenser is maintained by a 
common double-acting pump ; and in other engines 
the circulation is maintained by a centrifugal pump, 
driven in some cases by a separate small engine, and 
in other cases by gearing. In some arrangements 
the ordinary air pump of one of the engines is used 
as a circulating pump for both of the engines, and 
the air pump of the other engine is used as an air 
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pump for both the engines. When a centrifugal 
pump is used, it appears to be the best arrangement 
to drive it by a separate donkey engine,, the speed of 
which may be varied as desired, and which engine 
may also be made to drive the supplementary feed 
and bilge pumps. 

The question of the most eligible method of work- 
irjg steam expansively, especially in steam vessels, 
has now become of much interest ; and various forms 
of double cylinder engines have been put forth, pro- 
fessing to satisfy the conditions of the problem. But 
it may safely be asserted, that for all pressures em- 
ployed in the ordinary class of existing steam vessels, 
Engines of the common single cylinder type are as 
efficient as any other ; and in practice such engines 
are found to work quite as economically as engines 
with any greater number of cylinders, while they 
are manifestly simpler in construction. The first 
question that presses for solution in the case of steam 
vessels is, what kind of boilers shall be used that 
will be strong enough to withstand a high pressure 
of steam with safety ; seeing that the ordimiiy marine 
boilers at present employed are quite too wciak for 
higher pressures than those which they are at pre- 
sent constrained to bear. For pressures up to 30 
or 40 lbs. per square inch, engines of the common 
type, with a length of stroke equal to the diameter of 
the cylinder, will answer very well. But if the 
pressure be raised to 60 or 70 lbs. per square inch, 
it will be advisable to double the length of the stroke 
and halve the area of the piston ; so that the maxi- 
mum pressure on the piston will only be the same 
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as before, but the velocity of its motion will be 
doubled. In this increase of the velocity of the 
piston, there will be no disadvantage if the momen- 
tum be balanced by suitable counterwciglits attached 
to the cranks, and if the cylinder ports are made as 
large for the long and narrow cylinder as for the 
short and wide one. If such pressures be employed 
as 150 or 200 lbs. per square inch, it may be proper 
to introduce double cylinder engines. But the use 
of a long stroke is tantamount to the einployraent of 
double cylinders, in so far as it reduces tlie maximum 
pressure on the piston ; and it is proper to exhaust, 
the resources of single cylinder engines by suitably 
modifying the proportions to answer the intended 
amount of expansion, before entering on the ineligible 
complication of a multiplication of the number of 
cylinders. All engineers ])erfectly well know that 
the gain in power producible by a given amount of 
expansion is equally attained whether such expansion 
is accomplished in one cylinder or in fifty. But the 
more cylinders there are, the more equable will the 
pressure be made throughout the stroke — at the same 
time that there will be greater complication. The 
equalisation of the pressure, however, may be pro- 
moted by increasing the length of the stroke, which 
is a simpler expedient than increasing the number of 
cylinders ; and in steam vessels great equality of 
the pressure is not important, while in land engines 
it may be attained to any desired extent by in- 
creasing the weight and swiftness of the lly-wlioel. 

I no not by any means object to double cylinder 
engines in toto, I only say that they should not be 
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introduced for nothing ; and if they are introduced, 
such an increased pressure of steam should be intro- 
duced simultaneously as will afford fair compen- 
sation and proper warrant for the increased compli- 
cation which the innovation involves. 

COMBINED SCREW AND PADDLE ENGINES. 

In 1850, when it became important to accelerate 
the speed of a fleet of paddle vessels, I suggested a 
method of accomplishing the required acceleration, 
without disturbing the existing engines, by the appli- 
cation of an independent high-pressure engine in 
each vessel, which was to drive a screw placed at the 
stern ; and the steam from this high-pressure engine 
was subsequently to pass to the paddle engines, and 
to drive them with the same pressure as that to 
which they had previously been subjected. This 
arrangement was virtually that of a double C3dinder 
engine, for the steam was used twice over; and 
although the complication was greater than it might 
Lave been advisable to incur in new engines, it was 
excusable under the circumstances, as it afforded the 
means of accomplishing the desired acceleration with 
the least disturbance of the existing arrangements, 
and also at a trifling expense. I reckoned that each 
vessel, when laden for her intended voyage, after 
having been fitted with the auxiliary engine, would 
have been lighter than before ; as, although the 
weight of the machinery would have been greater, 
the weight of the coals would have been less. By 
this expedient the power might have been nearly 
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doubled without any increased consumption of coal 
per hour ; and as by doubling the power, the speed 
would have been rendered one-fourth greater, almost 
one-fourth of the coal would have been saved on the 
voyfige. 

In 1852 the foregoing suggestion was published in 
my ‘ Treatise on the Screw Propeller,* and shortly 
afterwards it was announced that the Great Eastern 
was to be propelled by paddles and a screw. I do 
not recommend the plan for new vessels. But I con- 
sider the introduction of a duplicate high-pressure 
engine, with a separate propeller, to be the most 
eligible means of accelerating old vessels, whether 
paddles or screws. In paddle vessels a single direct- 
acting high-pressure engine driving a screw — which 
may be placed outside the rudder as in Beattie’s plan 
— the steam from this engine passing subsequently 
to the paddle engines and driving them — is an ar- 
rangement that is cheap, easily applicable, and cer- 
tain to be effective. In screw vessels a single high- 
pressure paddle engine may in like manner be set to 
drive a pair of paddles ; and the steam from this 
engine would drive the ordinary screw engines as 
effectively as if they were supplied with steam direct 
from a low-pressure boiler. I believe that this form 
of the double cylinder engine is likely to be intro- 
duced in all cases in which it is considered desirable to 
obtain more speed in existing vessels with less coals. 

MODERN FORMS OF SCREW ENGINES. 

Geared engines for driving the screw have now 
practically gone out, as I have long foreseen would 
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be the case; and the species of horizontal steeple 
engine of some such construction as that described 
at page 433 of my Catechism of the Steam Engine, 
and recommended in the early editions of that 
work, is now the species of screw engine employed 
by the most eminent constructors. The class of 
engines called ‘Forge Hammer Engines,’ in which 
two or more inverted cylinders arc raised high upon 
framing, and the connecting rod engages the crank 
beneath, is still used by some makers ; and in many 
cases — and especially if the engines are of no great 
dimensions — they have been found to work very 
satisfactorily. But on the whole, the horizontal 
steeple engine is preferred ; and some class or other 
of horizontal direct acting engine is now used by 
Messrs. Penn, Maudslay, Ravenhill, Napier, Bennie, 
and indeed by all the most eminent engineers. A 
little further on I wdll give illustrations of some of 
the best existing examples of screw engines. 

ON BALANCING THE MOMENTUM OP ENGINES. 

The application of balance weights to the cranks of 
direct-acting screw engines, is now a very general 
practice ; and it is found to conduce to the easy and 
steady working of the engines in a very marked 
manner. TJiis application was first made by myself; 
and I took out a patent for the improvement in 1852, 
at which time I constructed some screw engines that 
were thus fitted. Mr. Penn shortly afterwards ap- 
plied similar counterweights to the engines of the 
Himalaya, and since that time these counterweights 
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have been very generally introduced. It was found 
in the Himalaya, that without the counterweights, 
the engines gave a most uneasy motion to the vessel, 
and also worked with great tremor and jolting ; 
whereas when the counterweights had been applied, 
these injurious features of the rapid reciprocation of 
the engines were removed. 

The principle on which the size of the counter- 
weights should be adjusted to th(i wants of the engine, 
is of very easy apprehension. If the centre of gyra- 
tion of the counterweights describes a circle of the 
same radius as that described by the crank pin, then 
the counterweights must just be as heavy as the 
piston, and all the parts which move with it. But if 
the centre of gyration of the counterweights has a 
greater radius than the crank pin, the counterweights 
must weigh less than the piston and its connections, 
and if it has a less radius, they must weigh more — tlm 
only material condition being that the momentum or 
amount of mechanical power resident in the counter- 
weights when moving in one direction, shall balance 
the momentum of the piston and its connections when 
moving in the opposite direction, and which weight 
may be supposed to be collected in the crank pin. 


IIARINE GOVERNORS. 

All marine engines, but especially screw engines, 
are liable to sudden fluctuations of velocity from tlie 
varying immersion of the propeller in a rough sea ; 
and the necessity of employing some species of 
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governor to redress these irregularities, has long been 
perceived. The common form of engine governor 
that is used in land engines is obviously inapplicable 
to such a purpose, as the balls would open and close 
by the heaving of the ship; and various kinds of 
marine governors have been proposed to satisfy the 
want, of which the first, so far as I am aware, was 
invented by myself in 1834, and applied to the Don 
Juan steamer in 1836. This governor was formed 
with balls similar to those of a common governor ; 
and it stood on a cross stay extending between the 
engines, which were of the side lever construction, 
and was driven by a bevel wheel on the intermediate 
shaft, which wheel gave motion to a bevel pinion 
placed on the top of the governor spindle, which 
stood in a vertical position beneath the intermediate 
sluifL Upon the spindle, near its lower end, was 
fixed a strong transverse bar ; and on this bar the 
balls were strung, one ball being on each side of the 
vertical spindle. The balls were capable of being 
moved in or out on the transverse bar, but when the 
engine was at rest, they were retained in contact 
witli the spindle by a great j^lnte spring, one side 
of which embraced a collar or neck formed on each 
ball. When, however, the spindle was put into re- 
volution, the centrifugal force of the balls overcame 
the tension of the spring to an extent corresponding 
to their velocity ; and the outward motion of the 
balls acted upon the throttle valve by a connection 
similar to that usual in land engines, and which was 
moreover of such a nature, that the rolling or pitch- 
ing of the ship, if it affected one ball, would also affect 
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the other in an equal and opposite manner, so as to 
afford mutual compensation and extinguish the effect 
of the ship altogether. There was in these engines 
a throttle valve in the injection pipe, as well as in 
the steam pipe, and the balls were made 14 inches in 
diameter, in order that they might have adequate 
power to overcome the friction of the parts, without 
requiring any great change of velocity to give the 
requisite centrifugal force.^ Latterly, a marine 
governor called Silver’s governor, and another called 
Porter’s governor, both operating on the same prin- 
ciple as the foregoing, have been put forth. But; the 
species of governor at present most employed in 
steam vessels, and which is known as Silver’s fly- 
wheel governor, consists of a wheel like a small fly- 
wheel driven by a belt and with vanes like those of a 
fan fixed upon it, so that its revolution occasions a 
certain resistance. The driving pressure is trans- 
mitted through aspring, the tension of which measures 
the amount of the rotative resistance, and if the 
speed of the engine is constant, this tension is con- 
stant also. If, however, the speed of the engine 
is increased, the tension of the spring will be in- 
creased, and if the speed of the engine is diminished, 
the tension of the spring will be diminished ; and 
tliese differences of tension are made to act on the 
throttle valve, and regulate the speed of the engine. 


* I had models of several other kinds of governors con- 
s^tructed, in some of which there were four arms, and the halls 
compressed spiral springs. But only one example was })racti- 
Ciilly introduced into a vessel by me, and as the vessel was lost 
shortly afterwards, this example was not much known. 
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In practice, Silver’s fly-wheel governor is found to 
act in a perfectly satisfactory manner, and these 
governors have now been largely introduced. 

BALANCED VALVES. 

The three-ported valve, or that variety of it called 
the gridiron valve, is the kind of valve generally used 
in every species of engine: and in all marine engines 
of any considerable size, the pressure is taken oft’ the 
lace of the valve by some suitable equilibrium ar- 
rangement applied at the back. The arrangement 
most usually adopted consists in the application of a 
ring recessed in a groove at the back of the valve, 
which ring moves steam-tight upon the back of the 
valve casing; and within this ring a vacuum is main- 
tained by opening a communication between the 
space encircled by the ring and the condenser. The 
practice of taking oft* the pressure by an arrangement 
of this kind originated with Messrs. Penn, who 
instead of a ring used at first a square frame. But 
tliis apparatus was difticult to construct ; and it was 
ctmsequently superseded by the ring, which was in- 
troduced by Mr. Edward Humphry s, to whom the 
steam engine is indebted for various improvements. 
In both Messrs. Penn’s and Humphrys’ arrange- 
ments, however, the ring is placed in a recess on the 
back of the valve, and moves with it. But in some 
engines drawn out under my direction in 1858 by 
Mr. Edward Cooper, the ring was recessed in the 
back of the valve casing, and the back of the moving 
valve worked steam-tight against this stationary ring. 
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This method of construction is now coming into 
general use ; and it is preferable to the other method, 
us the ring, being stationary, is always accessible, 
so that it may be tightened up when the engine is 
going, whereas under Messrs. Penn’s arrangement, the 
engine must be stopped, and the steam shut oil', before 
the screws which tighten the ring can bo approached 
at all. The ring which rubs upon the back of the 
valve may be of cast iron or brass ; and above it is 
usually placed a ring of india rubber, and above that 
again a malleable iron ring, on which last ring the 
points of the tightening screws press. The wdiole of 
these rings are sunk in a recess cast in the door whi(!h 
covers the back of the valve cjising ; so that the cast 
iron or brass ring rises only a little way above the 
inner surface of the door. The back of the valve is 
planed true, and is sufficiently elongated for a portion 
of it to fall at all times within the ring, notwithstand- 
ing the travel of the valve. An example of the 
(»rdinary gridiron slide with ring at the back for 
taking off the pressure is shown 5, which is a 

r(‘presentation of the section of one of the valves of the 
screw engines of the Great Eastern. 

LINK MOTION. 

This contrivance for giving motion to the valves is 
now employed in nearly every class of engines. It 
was brought out and applied to locomotives by Mr, 
Robert Stephenson in 1843, and was first applied to 
marine engines by Mr. Edward Humphrys. In a form 
of the link motion constructed by me in 1836, only 
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om end to end. In this slot the pin was placed 
•yhich communicated with the valve rod; and by 
moving this pin along in the slot, which was done by 
appropriate mecbanism, the engine was stopped or 
reversed, and any desired amount of expansion was 
accomplished. The defect of this arrangement was, 
that it did not reverse the lead in reversing the 
engine. But in most cases an imperfect action of the 
valve when the engine is moving backward is not 
very material, seeing that it is only in rare cases that 
tlie engine is required to work backward for any 
considerable length of time; and the arrangement is 
simpler than the species of link motion now in common 
use. 


STARTING CYLINDERS. 

In the larger class of marine engines the links are 
now very generally moved by means of a separate 
cylinder and piston devoted to the special purpose of 
moving the starting gear. The starting cylinder 
employed in the steamers Ulster and Munster is 
shown in jig, 6. The links of both engines are raised or 
lowered simultaneously by rods connecting them with 
the cross head of the small starting engine, which is 
formed without a crank ; and the piston rod is made 
hollow, with a screw working in it, which screw may 
be turned by the hand wheel shown at the top of the 
figure, if necessary, to assist the ascent or descent of 
the piston. Such assistance, however, is seldom re- 
juired ; but on the contrary, the piston in its ascent 
and descent puts the wheel into revolution, like the 
fly of a roasting-jack, first in one direction and then 
d 
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Fig.G, 


ADVANTAGES OF STEEL SHAFTS. 


in the other; and any jerk, striking, or injurious 
riipiclity in the motion of the piston is thus prevented. 
The hand-wheel is furnished with internal handles, 
to enable the attendants to obtain a firm hold of it 
without entailing the danger of striking them in its 
rotation ; and in practice the apparatus is found to 
work in the most satisfactory manner. 

Starting cylinders of this or some analogous con- 
struction are now much employed in all classes of 
large engines. They were first introduced by myself 
in the steamer Don Juan in 1836 ; and a drawing of 
the engines of that vessel, in which the starting 
cylinders are shown, was published in the first number 
of the ‘Artizan’ in 1843. In 1852 I introduced 
starting valves, and they are now becoming general. 


SHAFTS AND SHAFT BEAHINGS. 

The shafts of important engines, such as marine 
engines for driving the screw propeller, and also 
cranked and other axles of locomotives, are now fre- 
quently made of steel, which is peculiarly Suitable 
for the formation of shafts, as its tensile and crushing 
strengths are both very much greater than those of 
any other known material. Piston rods are also 
sometimes made of steel. Put the benefit of the 
practice is not so conspicuous in that instance ; and 
in some cases steel piston rods have been found to 
break more frequently than iron ones. It is a good 
practice, however, to convert the iron piston rods 
into steel for a certain depth: as the benefit is thus 
d2 
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retained of the toughness of the iron rod, with the 
additional gain of tlie exemption from ruts, and the 
high polish, of the steel surface. In the case of large 
double cranks set at right angles — like those proper 
for a direct-acting screw engine — being formed of 
steel, it is a useful practice to join the two portions 
together by stout flanges placed in the middle of the 
length ; as the magnitude of the piece is thereby 
reduced, and the inconvenience is obviated of having 
to produce so awkward a piece as that of a very large 
shaft with two double cranks at right angles formed 
upon it. In tlie casting of these shafts, the steely is 
melted in crucibles, and a succession of persons 
carrying these crucibles from the furnace to the 
point where the casting is made is kept up, so that the 
whole of the mass of metal is collected into the casting 
in a short time. After the casting has been made, it 
is dug out of the pit, while still red-hot, and carried 
to the forgo hammer, where it is beat and finished as 
a forging. Even in the best steel works, however, 
the method of forming such large masses of steel is 
still very iinperfi^ct ; and a complete reorganisation 
of the system is necessary, before steel can be so 
largely introduced for industrial purposes as it is 
destined to be at no distant time, and to which the 
imperfections of the manufacture now constitute the 
only visible impediment. The same remark may be 
extended to the production of articles of wrought iron; 
and in both cases improved methods are not diflficult 
of perception which will completely change the rude 
and expensive systems at present employed. 

The length of the bearings of shafts running at so 
high a velocity as the crank shafts of direct-acting 
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screw engines is now often made 3 or 3^ times tho 
diameter. Sometimes the bushes are lined with 
soft metal; and the shaft where it penetrates tho 
vessel at the stern is usu- 
ally covered with brass, 
and the pipe it passes 
through is lined with 
strips of wood, usually 
lignum vitm. This me- 
thod, which was intro- i 
duced by Mr. Penn, is 
represented in fig, 7, 
where A is a brass busli 
or covering which sur- 
rounds the shaft B, and Schfav Shakt Bkmiinos; Tmansvuwsw 
which revolves with it. g?™ 

The cross section of the 

staves, or slips of wood surrounding A, witli an 
intervening fillet of metal to steady tho wood, is 
shown in the cut ; and the lubrication is accom- 
plished by the water which leaks through. For the 
eyes of feathering paddle wheels, wooden bushes are 
also sometimes employed ; and generally each bush 
is formed by turning and boring out a solid piece of 
wood, but it is found that bushes put in in staves 
answer as well. Heretofore lignum vitcB was the 
wood generally used for these bushes. But it has 
now been found that African oak answers as well. 
The pins of the paddle wheels should always be 
covered with brass when wood is used : as the sur- 
face of iron becomes rough by corrosion, and then 
soon rasps the wood away. In sandy rivers wooden 
bushes do not last well, but are soon ground away ; 
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and in such cases steel bushes welded into the eyes 
and hardened, and fitted with hardened steel pins, 
are found to be the best arrangement. In sea-going 
steamers brass bushes and brass-covered pins are 
found to work very satisfactorily, and to wear well 
when the rubbing surface is made large. 

ACTUAL AND NOMINAL HORSES’ POWER. 

The actual and nominal power of engines — at first 
identical or nearly so — soon began to diverge; and 
in time, as the pressure of the steam was increased, 
the actual power of an engine became twice greater 
than it had been at first, while the nominal power, 
being an expression of the dimensions of the engine, 
remained the same. The divergence, however, did 
not stop here, but has gone on increasing, until in 
recent engines the actual power exerted has been in 
some cases nine times greater than is represented by 
the nominal power. In other words, an engine of 
200 horse-power nominal has been proportioned to 
exert s much as 1800 actual horses^ power. The 
uncertainty and varying character of the ratio sub- 
sisting between the actual and nominal power is a 
source of much perplexity; and proposals have been 
made in consequence to substitute some other unit 
for the horse-power. But the proper course would 
be to retain the nominal power as a unit, but to 
define tJiis unit to be a square yard or a square metre 
of* heating surface of the boiler, instead of a given 
capacity of cylinder. As the boiler is the measure of 
the power actually exerted by an engine, this method 
of reckoning the nominal power would preserve a 
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more uniform ratio between the actual and nominal 
power than the present mode of reckoning. 

The rule at present followed for determining the 
nominal power of an engine was first given by my- 
self in my Treatise on the Steam Engine in 1844. 
The rule called the Admiralty rule is the rule of the 
late Mr. Barnes, who gave it to me in 1844, and was 
given by me to Mr. Lawrie, who made a slight 
change in it and subsequently communicated it to the 
Admiralty, by whom it was adopted. Mr. Barnes* 

rule was ll i? , where d was the diameter of the 

5640 

cylinder in inches, and v the velocity of the piston in 
feet per minute ; and 1 inch was subtracted from the 
diameter of the cylinder, as a compensation for the 
friction. Mr. Lawrie discarded this allowance for 

the friction ; and the rule then became , whicli 


is a simpler expression, but one which the Admiralty 
had no part in originating, as it was quite new to 
them when Mr. Lawrie communicated it. The rule 
given by me for the nominal power of land and 


paddle engines is 


V l where d is the diameter of 
47 


the cylinder in inches, and s the stroke in feet ; and 
the same rule is applicable to direct-acting screw 
engines by taking a different divisor. A proper 
divisor in the case of those engines would be 23*5, 
which will make the nominal power of a direct-acting 
screw engine exactly double that of a land or paddle 
engine of the same size; and this rule, while sutfi- 
cientljr exact for practical purposes, will occasion the 
least amount of disturbance in the existing rules and 
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tables for ascertaining the nominal power, as the 
power will just be the double of that which the 
existing low-speed rules and tables give. 

In the average class of modern engines the actual 
power may be taken at 4 to 4;V times the nominal 
power. But in some cases it is the double of this, 
and rises to 8 or 9 times the nominal power. The 
pressure of steam and actual and nominal power of 
some of the modern vessels in the navy is shown in 
the following table : — 

PoWKK y»Nn I’EllFOnMANCK OF NavY STEAMRRS. 


N.ime of Vessel. 

I 

z 

h 

Oisplacvnient in 
tons when tried. 1 

1 

£ 

•0 

1 

V. 

1 

Date of trial. | 

a 

c"! 

!P 

i 

i 

1 

1 

'A 

13 

I 

1 

Name of (’(instructor 
of Engines. 

Adv»‘iitUli* . . 

i7*<a 

2432 

n-447 

1862 

12 

400 

1227 

Raveiihill A- (' 0 . 

AU)toii .... 

:uii 

2012 

10-986 

1862 

24 

400 

183.5 

Humplirys^t Co, 
Penn & Son. 

ArPthusu . . . . 

3142 

2H0I 

12-695 

1862 

25 

500 

2H7I 

llaroMKH 

17(12 

2.301 

ll*.514 

1862 

20 

400 

1616 

Boulton &■ Walt. 

Ht'ick Pritu i- , . . 

(■()3!< 

‘1300 

13 604 

1861 

25 

12.50 

.577-2 

Penn & Son. 

CoUjURWr, d. . . 

201 1 

2.573 

10-460 

186-2 

20 

400 

1424 

Rennie & .Sons. 

ConqjHTor . . . 

1«4/) 

4300 

9-934 

1863 

20 

500 

2018 

Ravenhill & Co. 

Constance. . . . 

3212 

2761 

I2-3()l 

1863 

3-2i 

fiOO 

2020 

Randolpli tic Co. 

DeJVni'O . . . . 

3720 

.5071 

11 618 

18-2 

20 

000 

•25;47 

Penn A' Son. 

Defiance . . . . 

347:1 

■iUrrh 

H-K84 

1862 

23J 

800 

.3.55(' 

Mauiislay iV Son.<i. 

Duncan . . . . 

371(i 

IU(M) 

13-236 

|86| 

20 

800 

3428 

Penn A .''oii. 

Emerald . . . . 

2!»I3 

3.503 

12-003 

1863 

22 

600 

-’323 

Ravenhill & Co. 

Euryalus . . . .j 

2371 

312.5 

10-038 

1861 

20 

400 

1-262 

Penn A Sou. 

(Galatea 

3227 

4270 

1 13- (KM 

1862 

22i 

2-2 

8(M) 

6517 

Penn A Son. 

Glbniltar . . . .1 

i71fi 

5 . 54.5 

II -.538 

1862 

8 OO 

3494 

Maudsh-iy A Sons. 

Glasgow . . . . 

3037 

2930 

13102 

1862 

i 20 

600 

2457 

Ravenhill A Co. 

I,eHndor ... 

27«o 

2547 

11-737 

1861 

20 

400 

1728 

Boulton A W.att. 

Liffey 

2«:vi 

3K<U 

11-097 

1862 

20 

600 

1905 

Penn & Son. 

Liverpool , . . . 

iti.'Sf, 

21M4 

12-06,5 

IRGl 

1 20 

600 

2.551 

HunnphrysA Co. 

Meanf'c . . . .1 

2 .M 11 

.35.51 

9’701 

186-.' 

! 20 

4(8' 

I45(; 

Penn A Son. 

Octiivia . . . . 

3101 

2921 

i 12-2.52 

11861 

\ 20 

.500 

2265 

Maud^lay A Sotrs. 

Orontes . . . . 

2H23 

3400 

1 12-622 

18f,3 

1 25 

500 

2-249 

Boulton A W'att. 

Prince Consort . . 

4n4;< 

64.30 

13-119 

1863 


IW) 

42.34 

Maudslay A Sons. 

Princess Hoyal . . 

3lvll 

4270 

9'93l 

ilHOlt 

20 

400 

1499 

Maudslay A Sons. 

KeststAnec . . 

37 K 

4M27 

12*332 

1862 

20 

600 

261.^ 

Penn A .Son. 

Revenge . . . . 

:i3ik 

.5.531 

11*176 

11862 

20 

8(K) 

2890 

Maudslay A Sops. 

Royal Oak . . . 

4053 

6416 

1 -2-529! 

|I863 

22 

800 

3704 

Maudslay A Suns. 

Shannon . . . . 

2651 

3612 

1 1 -.5.50 

il86-A 

•A) 

600 

2023 

Penn A Son. 

Sutlej 

306.5 

3826 

11-087 

1862 

22 

500 2270 

Maudslay A Sot»6 

Undaunted . • . 

3030 

2694 

12-9-2.5118r.» 

20 

600!2,50.*i 

i Ravenhill A Co. 

AVanior . . . . 

60311 

8b.52 

14 3.56 1861 

22 

1250 5469 

Penn A Son. 

1 ! 
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MODERN FORMS OF BOILERS, 

Boilers are divisible into three main classes, land 
boilers, marine boilers, and locomotive boilers, and of 
each class there are many varieties. The old waggon 
boiler is now almost extinct, and there is no g(Mio- 
rally accredited species of land boiler which has 
taken its place. On the whole, land boilers are 
approximating in construction to marine boilers. 

In the earlier times of steam navigation the boilers 
employed were invariably due boilers. It is very 

Fig. 8. Fig. 9. 



Hoilkhs or Steamer.^: Asia ai«» Africa, by R. Napier ani> S/jn. 
Traneverso Section at A A, fig. II. Tranhversc Section at B B, fig. ll* 


doubtful whether the efficacy of that class of boiler 
has yet been exceeded, and in some steam vessels of 
the highest efficiency flue boilers are still retained. 
Figs, 8 and 9 are transverse sections of the flue 
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boilers of the mail steamers Asia and Africa, and 
figs, 10 and 1 1 are longitudinal sections of the same 


Fig. 10. 



Boji-eiis op Stkameks Asia and Apwica. 
Longitudinal Section through O C, fig. 8. 

Fig. 11. 





BoILSRE op STEAMERR .\glA AND .AphICA, 
Longitudinal Section through D D, fig. 8. 
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boilers. Boilers of a similar construction to these 
have been in use in other vessels on the same line for 
the long period of 14 years. 

The ordinary form of boiler now employed for marine 
purposes is the tubular boiler ; and the features of the 
arrangement have not varied much since the first in- 
troduction of the tubular system in 1844, An example 
of this species of boiler is given in fig* 12, which is a 
representation of an ordinary marine tubular boiler 
with Beardmore’s superheater introduced in the up- 
take. The flame and smoke after passing over a brick 
bridge at the end of the furnace returns through 
the tubes to the front of the boiler ; and the smoke 
tiien passes up the chimney, but on its way thither 
encounters the horizontal tubes of the superheater. 
In this superheater there are two sets of tubes, sepa- 
rated by a diaphragm ; and the steam passes back 
through one set of tubes, and forward through the 
other, so that it traverses a distance equal to twice 
the length of the superheater. 

The best forms of tubular boiler do not differ 
materially from that constructed by me in 1838 ; and 
with the increasing pressures which are now used, 
it is inevitable that the rectangular shell at present 
employed should be discarded. The boilers intro- 
duced by Messrs. Penn in the Hydra are represented 
in ^gs. 13 and 14 ; and these boilers have the advan- 
tage of a cylindrical shell, and may be worked with 
safety to a pressure of 40 lbs. on the square inch. 
But the furnaces are too small ; and cylindrical fur- 
naces are very inconvenient for enabling a proper 
slope to be given to the fire-bars, as the width of the 
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P//r. 12. 



BSAaDMORE'S SUPERHRATtNG ApPARATIJli, 

Transverse Scclioa. 







LAMB AND SUMMERS* BCILERS. 
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bars at the back eud is necessarily contracted ; and 
the bars must either be made taper, or taper pieces 
must be cast to fill the vacuities at the front. 


i=v>r* 13* i-i* 



Boilbks op H M.S. Hydra, by Mbrirs. John Penn and Son. 
Traniverse Section, showing Tubes. Transverse Section through Furnaces. 


The species of water-space boiler known as Lamb 
and Summers* boiler has now been widely intro- 
duced, and has this special feature of advantage, that 
it enables a rapid circulation of the water to lake 
place. This boiler it shown in jftff. 15, which is a 
transverse section of the boilers of the steamer Ripon. 
In this boiler the smoke, instead of being returned 
through small cylindrical tubes, is returned through 
a row of very narrow flat-sided flues ; and in order 
to prevent these flat surfaces from being forced to- 
g(?ther by the pressure of the steam, they arc strutted 
asunder by short struts, so that in the interior of tlio 
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boiler, the whole heating surface of these flues is 
clear of stays or other obstructions. 


F^.15. 



Boslbrs op Steamer Ripon on Lamb and Summeub’ PtAN. 
Transverse Section. 


47 


tion that is 
is also ob- 
nvented by 
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that r(?markable genius the late Earl of Dundonahl, 
and of which an example is given in fig. 16, which 
is a longitudinal section of one of the boilers of the 
steamer Atlantic. Boilers on this principle are not 
much used in this country, except in the case of the 
hay-stack boilers invented by Mr. David Napier, and 
which are very generally employed in the river 
steamers plying on the Clyde. In these boilers up- 
right tubes, with the water within them, are also 
employed. 

The importance of maintaining a rapid circulation 
in the water of the boiler is not yet sufficiently re- 
cognised. Not only will a rapid circulation add to 
the durability of the boiler by preventing the plates 
from being overheated, but it will materially increase 
the efficiency of the heating surface ; and in the 
boilers of the Atlantic, it was found that by inserting 
a short piece of tube in the mouth of each upright 
pipe, whereby the length and consequently the 
velocity of the ascending column was increased, a 
sensible advantage was gained in the performance of 
the boiler. In many tubular boilers the tubes are 
set so closely together, that the circulation of the 
water amongst them is greatly impeded ; and it has 
in consequence been found, that the evaporative 
power of such boilers has been increased by removing 
some of the tubes altogether — the loss of a part of 
the heating surface being more than compensated by 
the increased efficacy of the rest. 

PROPORTIONS OP BOILERS. 

The proportions of boilers per nominal horse-power 
are affected by two considerations — the first, what 
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ratio it is intended shall subsist between the actual 
and nominal power; and the second, what amount ot* 
surface shall be allowed for the evaporation of a 
cubic foot of water in the hour. The greater the 
excess of the actual over the nominal power, and 
the less the expansion, the larger manifestly must 
be the surface per nominal horse power; and in 
proportioning boilers of every class the main thing 
to be had regard to is tlie number of cubic feet 
of water required to be evaporated in the hour. But 
in different classes of boilers very different quan- 
tities of surface are required to evaporate a cubic 
foot per hour. Thus in Smeaton’s boilers a cubic 
foot was evaporated per hour with 5 square feet of 
heating surface, in Watt’s land boilers with 9 or 10 
square feet, in locomotive boilers a common propor- 
tion is 5 or 6 square feet, and in Cornish boilers 70 
square feet ; and those boilers which have the most 
heating surface per cubic foot evaporated are the 
most economical in coal. Thus in Smeaton’s boilers, 
a hundredweight of coal evaporated 14’] 1 cubic feet 
of water ; in Watt’s boilers about the same ; in loco- 
motive boilers from 11 to 12 cubic feet, and in 
Cornish boilers about 19 cubic feet. The election 
therefore has to be made between a large amount of 
heating surface per nominal horse power, and a some- 
what increased consumption of coal. A given amount 
of heating surface however will be made more 
effectual, if a high temperature be maintained in the 
furnace, and if the circulation of the water within 
the boiler is rapid and unimpeded ; and at all times 
the evaporative efl&cacy of the boiler will be much 
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increased by quickening the draught either by a blast 
pipe in the chimney or otherwise ; but as somewhat 
more of the heat w”!!! in such case go up the chimney, 
there will bo a somewhat increased consumption of 
coal. 

The proportions of marine tubular boilers, as sub- 
sisting from 1844 to 1854, are exhibited in the fol- 
lowing table : — 


Proportions of Marine Tubular Toilers. 

By Boulton, Watt, & Co., 

The actual power ic bero suppoKcd to bo tlmrs the nominal, and the strain 
to he of JO lbs. pressure per square inch, and to be cut off at l\vo*thirds 
of the stroke. 
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In modern boilers, by the same makers, the pi’o- 
portion of grate of heating surface and of .sectional 
area of tubes and chimney to evaporate a cubic foot 
of water per hour remain much the same ; but as the 
proportion of actual to nominal power has been much 
increased, the dimensions of the boiler per nominal 
horse power have been much increased. Tlius in 
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the steamer Scud, the engines of which were made 
by Boulton and Watt, the heating surface per nominal 
horse power is 28 feet, but that vessel works up to 8 
or 8-| times the nominal power. In more recent 
engines the same makers have given as much as 35 
square feet of heating surface per nominal horse 
power. But these arc exceptional cases : the usual 
proportion they give is 21 square feet per nominal 
horse power. Taking the evaporation as the mea- 
sure of the power of the boiler, their present propor- 
tions for evaporating a cubic foot in the hour are as 
follows : — 


PiioroinTONs of Botlku to Evaporate a Cubic Foot of 
Water in the Hour. 18l>5. 


Total heating surface of tubes and plates 

Grate surlacc 

Sectional area of tubes 
Sectional area of hack tqUake . 
Sectional area of frcnit Jiptukc . 
Sectional area of chimney 


10 square feet. 

70 square inches. 
10 
ir» 


12 

to 7 „ 


The quantity of water required to be evaporated 
to produce an actual horse power, depends of course 
upon the rate of expansion. Boulton and Watt 
usually put sufficient lap upon the valves to cut the 
steam off at half stroke, and then by the aid of the 
link, they are able to cut off at ^ of the stroke if 
required. 

The particulars of the proportions and performance 
of the boilers of a number of modern steam vessels, 
as also the proportion of condensing surface per 
nominal horse power in the tubes of the condenser 
and other material facts, are recorded in the following 
table ; — 
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SMOKE BURNING, 

Notwithstanding the number of smoke-burning fur- 
naces wliich have at different times been introduced, 
it cannot be said that any plan has yet been con- 
trived which so far satisfies the conditions of the 
problem as to command general recognition of its 
eligibility, or to lead to its general adoption. These 
])lans operate either on the principle of admitting air 
above the fuel to burn the smoke — which has the 
radical defect that the production of smoke in ordinary 
furnaces is variable, whereas the admission of air is 
constant, so that either too much or too little will 
generally enter — or on the principle of passing the 
smoke over the incandescent fuel, or through red-hot 
pipes or fire-brick passages — which though it will 
diminish the smoke, will rarely wholly prevent it ; 
while the apparatus required is generally cumbrous. 
A proper smoke-burning furnace should obviate the 
smoke effectually ; and it should be of simple con- 
struction, and be exempt from the objection of ad- 
mitting too much or too little air to burn the smoke. 
In steam vessels it is most desirable that some proper 
species of firing apparatus should be employed; as the 
labour and difficulty of firing large furnaces at sea, 
especially in hot climates, is very great. 

In 1838 I took out a patent for a smokeless fur- 
nace ; and I then originated the doctrine — since so 
generally accepted — that instead of seeking to /mrn 
smoke, the proper course was to hinder its formation. 
In 1839 I introduced smokeless furnaces into different 



o4 RECENT IMPROVEMENTS IN THE STEAM ENGINE. 

Steamers, in which the arrangements had to vary to 
suit existing boilers; and in some cases I caused 
the smoke to pass over the incandescent fuel, in other 
cases to pass through heated fire-tile channels, and 
in other cases again two adjacent furnaces were 
fired alternately, and the smoke from the one passed 
through the glowing embers of the other. All these 
expedients, however, are imperfect ; and no species 
of smokeless furnace has yet been contrived of such 
conspicuous eligibility, as to ensure its general 
adoption. I believe that a good smokeless furnace 
and a good self-feeding furnace will come together ; 
and I also believe that the realisation of this deside- 
ratum is not very far off. 

ON THE RESISTANCE OF SHIPS. 

The doctrine first promulgated in my Catechism of 
the Steam Engine, that in well-formed steam vessels 
of the common type nearly the whole of the re- 
sistance is occasioned by the friction of the water 
upon the bottom of the vessel, instead of being mainly 
produced by the act of separating the water at the 
bow and closing it at the stern, as was the previous 
doctrine — is now receiving general recognition ; and 
computations based on that supposition are found to 
accord very closely with the results obtained by ex- 
perience. I was led to this conclusion from having 
to design some steamers in 1853, which I was desirous 
should possess the maximum speed with the minimum 
power, and I therefore constructed them on the 
pendulum lines recommended in the Catechism of 
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the Steam Engine, as the most eligible for this pur- 
pose. I found the vessels when constructed and 
tided perfectly to fulfil my expectation of passing 
through the water with the minimum of disturbance, 
and there was no wave produced at the bow, or at 
any other part. Nevertheless, I did not find the 
speed to be sensibly superior to that of other vessels 
of ordinary good shape, and of similar size and power; 
and as in my vessels nearly the whole resistance 
was certainly that of friction, and as the total re- 
sistance was nearly the same as that of common vessels, 
there was no escape from the conclusion, that in ordi- 
nary sharp vessels nearly the whole resistance is also 
that of friction. This discovery points to the supreme 
importance of endeavouring to reduce the friction of 
the bottom ; and it is found by recent experiments 
made in France, that the friction will be a good deal 
influenced by the nature of the coating* whicli the 
bottom receives. There is a great need for improve- 
ment here ; whereas very little improvement is to be 
expected from altering the shape of the steamers wo 
at present employ. We must of course draw them 
out to greater length, as we require higher speeds, 
and introduce more power; and contract them to 
shorter lengths as we are satisfied with the lower 
speeds proper to less power. But this elongation or 
contraction is merely a question of putting up the 
frames nearer together or further apart, and does not 
affect the shape, but only the proportion of length 
to breadth. The proper shape for a ship may be 

* This topic is treated of more fully in my * Hand-Book of the 
Steam Engine.* 
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expressed by an equation, only there will be a certain 
proportion of length to breadth, which will be suit- 
able for each particular speed, or, in other words, the 
proper length will be a function of the intended 
speed ; so that if we wish to double the speed, we 
ought also to double the length. 

The friction of ships has been sought to be mea- 
sured by the friction of water running in pipes and 
canals. But the friction per square foot of a ship is 
much less than the friction of a square foot of pipe 
or canal when the water and the ship are moving at 
( qual velocities. The velocity of water in a pipe is 
usually measured by the discharge. But the dis- 
charge measures only the meaii velocity, whereas it 
is the maximum velocity which is alone comparable 
with that of a ship. Moreover there is every reason 
to believe, that the friction of a ship per square foot 
is not the same, at all parts, but will be more at the 
bow and less at tlie stern. The friction of the bottom 
and sides puts in motion a film of water of increasing 
ihickness, and also of increasing velocity, which 
movcis with the ship ; and as the stern part is im- 
mersed in this moving water, the friction upon it is 
not so groat as it would otherwise be. Screw pro- 
pellers placed at the stern utilise a portion of this 
moving column by working in it; for the operation 
of this column is to diminish the visible slip, which is 
consequently less than would bo the case if the 
screw were placed at the bow ; and in some cases, 
indeed, there is not only no visible slip in the screw, 
but the visible slip is negative, or, in other words, 
the vessel travels faster than the screw. 
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DOUBLE SCREWS. 

A screw placed in each quarter is now often em- 
ployed instead of a screw situated at the stern ; and 
in my Treatise on the Screw Propeller, published in 
1852, I strongly recommended that method of con- 
struction. Two screws have these advantages over 
one : they enable the necessary propelling area to be 
obtained at a greater depth in the water ; and I long 
since explained — what Mr. Rennie’s experiments have 
since demonstrated — that the resistance which the 
water would offer to the screw would depend mainly 
on the depth of its immersion, since the displacement 
will always be in the line of least resistance ^Khich is 
to the surface, and the resistance or grip will vary as 
the depth. Then two screws enable the ship to 
be easily manoeuvred, if they are driven by separate 
engines ; and finally the vessel is not wholly disabled, 
but will still have sufficient propelling efficacy to 
proceed on her voyage, even if one screw or screw- 
shaft should happen to break. These considerations 
render it probable, that two screws will obtain a 
preference over one ; and each screw may be driven 
by a single horizontal balanced engine of the kind 
introduced by me in 1852, and which has been ever 
since at work in various vessels constructed by rno 
about that time. This species of engine is described 
in the Catechism of the Steam Engine, p. 433. 

VARIOUS FORMS OF SCREW. 

Notwithstanding the vast number of different kinds 
of screws which have been tried and jiroposed since 
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the first introduction of screw vessels, there docs not 
nppear to be any better screw yet contrived than 
Smith’s original screw with uniform pitch, as fitted in 
the Kattler. For merchant vessels three blades fire 
preferable to two. But in the case of war vessels 
made with lifting screws, more than two blades 
cannot be employed. Lifting screws, however, appear 
likely to go out of use altogether. Tlie gear they 
involve is a source of expense and complication, and 
is liable to shake loose in time and give trouble ; 
while the benefit of the arrangement is very small. 
Steam vess<‘ls will almost always use steam ; and for 
those rare occasions when it is wished to impel them 
by sail^ without steam, the resistance presented by 
the screw will not bo great, if it be suffered to re- 
volve like a great patent log, the function of whicli 
it may also be made to fulfil in measuring the speed 
of the vessel. 


LAND ENGINES. 

Singh and Double Cylinder Engines compand. 
One of the most interesting illustrations of the corn- 
j>arative merits of the single and double cylinder 
( iigine, is afforded by the simultaneous erection of 
certain engines of each class and of the same power 
at the New River Waterworks in London. Both 
classes of engines are rotative engines, and they 
employ the same pressure of steam. The single 
cylinder engines which were constructed by Messrs. 
Boulton & Watt, have cylinders 60 inches diameter 
and 8 feet stroke. The double cylinder engines which 
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were constructed by Messrs. Simpson & Co., have 
low-pressure cylinders of 46 inches diameter and 8 
feet stroke, and high-pressure cylinders of 28 inches 
diameter and 5 feet 6|ths stroke. The pumps are 
the same in each case, being the combined piston and 
plunger pump invented by Mr. David Thomson, and 
tirst introduced by Messrs. Simpson in the Richmond 
Waterworks in 1S4S. TJie pressure of tlie steam in 
the boiler is 38 lbs. per square inch, and about 8 lbs. 
less than this in the cylinder at the commencement 
of the stroke. The pump lifts the water 127 feet, 
and the friction is about 33 feet. The performance 
of these two classes of engines is as nearly as possible 
the same, being about 87 millions of pounds raised 
one foot high by the consumption of a bushel or 
94 lbs. of Welsh coals. This is equivalent to T9 
or rather less than 2 lbs. per actual horse*power per 
hour. 

Balanced Double Cylinder Engine. An cxamjile 
of this species of engine as made by Messrs, Garrett, 
Marshall & Co. of Leeds is exhibited in fig. 17. In 
this engine the cylinders are horizontal and the 
cranks are nearly opposite to one another, so that the 
pistons move in opposite directions, thereby balancing 
their own momentum while a very direct passage is 
at tlic same time afforded for the steam escaping from 
the high-pressure cylinder to enter the low-pressure 
one. The air pump is double acting, and for very 
high speeds is set vertically at the end of the engine, 
and is wrought by levers so proportioned, that the 
stroke of the air pump is half that of the piston. 
Messrs. Garrett & Co. consider that this engine 
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Carbett, Marshall and Co.’s Ralancf.d Double Cylind 
Elevation Ground Flan and Transverse Section. 
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may be worked up to 600 feet per minute,* which 
may probably be done without inconvenience if 
the parts and passages are made sufficiently large, 
and if the bearings, piston-slides, and all the rub- 
bing parts are made of sufficient area, and are 
well lubricated. In very fast moving engines it 
would be proper to have a small oil pump which 
would send an excess of oil to all the bearings, and 
this excess should on overflowing bo returned into a 
small cistern or recess in the bed plate into which the 
oil pump would dij). A very effectual lubricjition 
would thus be attained with certainty, without trouble, 
and without waste of oil; and the oil would not merely 
lubricate, but would cool the bearings, the heating of 
which at all speeds would thus bo prevented. 

Engine and Boiler combined. A I'orm of engine 
and boiler convenient for many purposes is shown in 
fig, 18, which is an elevation of a 20-horse engine 
set on the top of a tubular boiler constructed by 
Messrs. Garrett, Marshall & Co. of Leeds. This 
species of engine and boiler is easily removable, ami 
may be set down anywhere without the necessity of 
foundations or any species of bricklayer’s work. If 
it is thought desirable at any time to double the 
power, this may be done by setting another engine 
and boiler alongside the first, and connecting the two 
by a shaft ; and one flywheel will suffice for both 
engines. 

Another form of engine and boiler constructed by 

* In 1854 I constructed a balanced marine with cylinder 42 
inches diameter and 42 inches stroke, the piston of which worked 
at a speed of 700 feet per minute. 
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these makers is exhibited in Jig. 19. Here it will be 
seen that both the engine and boiler are vertical, and 
as the engine is placed on top of the boiler, no foun- 
dations arc required. The heating surface of this 
boiler is all formed of boiler plate, and consists of an 
internal fire box, water box, and uptake flue. 


Fi {’. 18. 



Carrett, Mahsiim.l and Co. s Cumbined Engine and Roiler. 

Another example of an engine set on a boiler and 
constructed by the same makers is shown in Jig, 20, 
which is a form of engine applicable for pumping deep 
wells or mines. The boiler is set across the mouth of 
the well or shaft, and the pump is wrought off a pin in 
a plate or chuck fitted with internal gearing, to the 
end that the engine may move fast while the pump 
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Carrett, Marshall and Co/a Pumping Enoinb and Boiler 
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moves slowlj. This engine may also be used for 
irrigation. 

Inverted Pumping Engine* An inverted pumping 
engine similar to the foregoing is shown in jig, 21; 
but here the boiler is removed, and the engine is set 


Tig. 21. 



CaRRKTT, MxtthU \Lh AND Co.’s FiXED POMI'ING ENOJNK 
FOR Deep Lifts. 

on an appropriate foundation. The gearing wliereby 
the fast engine drives the pump slowly is shown at 
the right in this drawing. 

Inverted Factory Engines* Figs* 22 and 23 are re- 
presentations of the inverted engine of the same 
makers suitable for general purposes. 22 being a 
f 
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front elevation, and/^. 23 a side elevation. In these 
engines the stufl&ng box in the bottom of the cylinder, 
through which the piston passes, is projected inwards 
above the cylinder bottom, so that there can be no 
dripping of water from the stuffing box, and if there 
is any leak it will be a leak of steam. The piston is 
suitably recessed to receive the projecting stuffing 
box. 

Engine for working Hydraulic Pumps. A variety 
of this species of engine as applied to work hydraulic 
pumps for pressing bales, or for working any, other kind 
of hydraulic apparatus, is shown in fig. 24. There is a 
large and a small pump employed, and the large pump 
having created as much pressure as it can, feeds the 
small one. The arrangement is so contrived, that 
when the maximum pressure has been attained by the 
small pump, it stops the engine — thus obviating a 
waste of power by forcing the water through a loaded 
valve. 

Ordinary direct acting Vertical Engine. In the 
vertical engine of Mr. Ferrabee of Stroud, the crank 
shaft lies across the top of an appropriate framing, with 
the cylinder beneath. This engine is represented in 
fig. 25^ which is sufficiently illustrative to enable the 
material features of the engine to be readily appre- 
hended. The engine is fitted with an expansion 
valve of the piston construction, and the amount of 
expansion is regulated by the governor which moves 
in or out, in an appropriate link motion, the point 
which moves the expansion valve ; and the amount of 
its throw is correspondingly affected, and consequently 
the rate of the expansion. The feed water is heated 
£ 2 
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by the waste steam, and the general design of the 
engine is very judicious. 


Fig . 24. 



Carrett, Marshall and Co.’8 Combined Steam Engine and 
Hydraulic Pcmpb. 


Fixed fforiz ntal Engine, The horizontal engine 
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of Messrs. Garrett, Marshall and Co. is shown in 
fig, 26, and this may be accepted as the common type 
of horizontal engine employed by most makers at the 
present time. The main features are a good strong 
bed-plate, to which the cylinder may be not merely 
bolted but also keyed against lugs, to obviate end 
play ; and it is preferable to cast the shaft pillow- 
block upon the bed-plato rather than to bolt it on, for 
the sake of obtaining greater exemption from thrust 
or play. 


Vif!, 2 ^^. 



CAtinETr, Marshall anh Vo.''. I'ohi/ontal Enginb. 


Donkey Engines, Figs, 27 and 28 represent Haw- 
thorne’s donkey engine for feeding boilers, and figs. 29 
and 30 represent similar engines by Messrs. Garrett, 
Marshall & Co. They may be taken as common 
types of the Donkey engine ; but Messrs. Hawthorne 
turn the fly-wheel by a connecting rod, whereas a 
frame with horizontal slot is more common. 


DIFFERENT FORMS OF DONKEY ENGINE, 


1 


rigs. 27 and 28.. 




different forms of donket engine. 


3 


Fig.aa. 



CHIKETT, Maesiiaii a»u Co.’s Donke* Feed E»ci.vb. 
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Fig. 31 represents a form of engine suitable for 
lifting water through moderate heights, and useful for 
feeding boilers, filling tanks, pumping water for 
irrigating, forcing liquid manure, and other similar 
purposes. 

A useful form of water pressure engine which may 
be employed for blowing organs and for other domestic 
purposes is shown in Jig* 32. These engines were 
first applied to such purposes by Mr. David Elder of 
Glasgow, who constructed a water pressure engine to 
blow the organ in Mr. Napier’s house at Shandon on 
the Clyde. 

Engines for high speed, Messrs. Carrett, Marshall 
& Co. employ engines to drive fans and centrifugal 
pumps direct without intermediate belting. An 
(‘xample of this combination is given in Jig, 33, and 
it will be seen that the momentum of the piston is 
balanced by counterweights on the fly wheels, in the 
interior of the rims of which there are grooves into 
which fit corresponding projections on pulleys on the 
Ian spindle, by the friction of which contact the fan 
is driven. 

The best form of centrifugal pump is that of Appold 
with curved vanes, as represented in Jig, 34. In 
1851 pumps by Appold with straight vanes, with 
inclined vanes, and with curved vanes, were carefully 
tested, and it was found that the work done relatively 
to the power expended amounted with the pump with 
straight vanes to 24 per cent., with the pump with 
inclined vanes to 43 per cent., and with the pump 
with curved vanes — such as are shown in Jig, 34, to 
68 per cent. This pump has been much used in 



Water Lifting Engine. 




Balanced Velocipede Engine by CAnRErr, Marshall and Co. 
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raising water for irrigation, for draining land and 
foundations, for pumping out docks, and for various 
otlier purposes for which low lifts are required. But 


E/A'.34. 



for some of these purposes the chain pump formed 
with square boards moving slowly in a wooden 
trunk appears to be fully as eficctive. The centrifugal 
pump is sometimes driven by toothed wheels, and 
sometimes by serrated surfaces of contact such as is 
shown in Jig. 33, and which is known by the name 
of frictional gearing. But toothed wheels require to 
work so very fast when the lift is at all considerable, 
that they are soon cut away, and it appears advisable 
when gearing is used in such cases to make it spiral, 
or in steps, and with the teeth bottoming and very 
broad. If frictional gearing is used, it should be of 
much greater breadth and power than the authors of 
that scheme deem necessary, seeing that in certain 
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cases the wheels which have been deemed by them of 
adequate size have been quite insufficient to transmit 
the strain, 

Messrs. Easton, Amos & Son combine the pump 
and the engine to drive it into one structure, and have 
found from a carefully conducted experiment with 
one of these machines, that with a mean lift of 6 ft. 
6 in. nearly, the ffin making 124 revolutions per 
minute, a quantity of water. = 6748 cubic feet or 
nearly 183J tons per minute was delivered. The 
engine power as per indicator diagrams, carefully 
taken, being 111*2 horse power, it follows that the 
useful work done was in this cjise 73Jper cent, nearly 
of the power expended. 

From several carefully conducted experiments made 
by the Court of Policy of Demerara upon one of the 
pumps in that country, it was found that the useful 
work done =66*55 per cent, of the power expended, 
while a well-constructed scoop, tried under precisely 
similar circumstances, gave no more than 22*3 per 
cent., and a centrifugal pump of another construction, 
29*3 per cent. only. 

By the combined system of construction any settle- 
ment of foundations which is more or less inevitable 
in all Fen districts is neutralised, as the whole of the 
machinery is self-contained, and its working unaffected 
by settlement, while the first cost of building founda- 
tions and masonry is materially less than by any other 
plan. 

The arrangement of engines employed to drive 
Appold’s centrifugal pump, by Messrs. Easton, Amos 
& Son of London — by whom large numbers of 
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Centkifvcal Pvmp, by Eastok, Ahos and Sun. 
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these pumps are made — is shown in Jig 35. The 
spindle of the fan is vertical, and is armed at the top 
with a bevel pinion, to which motion is given by a 
bevel wheel placed on the shaft of the engine. The 
fan is contained in a cast iron casing which also 
serves to support the engine, and there are two 
suction pipes, one for each side of the fan. The water 
drawn in at the centre of the fan is put into rapid 
rotation by the curved blades, and escapes at the 
periphery with such velocity as to support a corres- 
])onding column of water, and if the head is less than 
that — as it always is — the water necessarily overflows 
at the higher level. Centrifugal pumps have this 
great advantage, that they are without valves, and are 
consequently as efficient in forcing dirty water as in 
forcing clean — a quality which in many cases is of 
great value. They have sometimes been employed 
for maintaining the circulation in surface condensers. 
But the plan of using one of the air pumps as a cir- 
culating pump is simpler and is to be preferred. 

Common Lever Engine, The old form of beam 
engine is still used for many purposes. An approved 
form of engine and sugar mill for expressing the 
juice from canes is shown in Jig, 36. There is no 
novelty about this engine except the great strcngtli 
of the different parts, which in this class of machinery 
is quite indispensable to obviate continual breaking 
down. The sugar mill consists of three rollers, and 
the canes pass down the inclined feeding table, and pass 
under the upper roller which squeezes out the juice. 

Cowper's combined Engines, In cases where great 
uniformity of rotative power is important, combined 
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^vitll a large measure of expansion and a high pressure 
of steam a form of engine such as is represented in 
jig, 37 may be employed. This engine is a double 
cylinder engine ; but instead of the pistons being 
made to operate on the same crank, as in ordinary 
double cylinder engine.s, or on opposite cranks, as in 
JNIessrs. Garrett, Marshall & Co.*s arrangement, the 
cranks are set at right angles with one another, so 
tliat when one piston is at its dead point the other is 
exerting its greatest power.* The small cylinder, 
instead of discharging directly into the large one, 
discharges into a reservoir beneath the engine, from 
which reservoir the large cylinder is fed ; and the 
equability of motion proper to two engines working 
at right angles is thus obtained, with a large measure 
of expansion. This form of double cylinder engine 
ji[)j)ears to be an eligible form in cases in which two 
engines are necessary, as the benefits of large expan- 
sion are obtained without greater complication than 
that which appertains to two separate engines of the 
common kind. 

The engines shown here were constructed by 
Messrs. Walter May & Co. of Birmingham, and set 
to work in the International Exhibition of 1862. The 
< ngines w ere made from the design of Mr. E. A. 
Cow per, by whom the plan was invented and pa- 
tented. These engines were the only pair that was 
at work as <«indensing engines in the Exliibition, 
owing to there being no large supply of cold w^ater 

♦ This arrangement of the cranks and pistons was j)atcnted 
by Craddock in 1844, and was described in the *i\rtizan’at 
tiisX time. 
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available for condensing. The resource by which they 
were enabled so to work was by the application of 
Perkins’ Surface Evaporator Condenser, which wa^ 
adopted by Messrs. Walter May & Co. in this instanf^e 
as a means of easily obtaining an excellent vacuum 
with a very small supply of water, viz. a supply equal 
only to the quantity of water used in the form of 
steam. Mr. Cowper’s engine is fitted with a steam 
jacket, and the steam is expanded into nine times its 
original volume. But of course by earlier cutting off, 
this measure of expansion may be increased as much 
as may be desired.* 

Continuous Expansion Engine, In Nicholson’s 
continuous expansion engine the benefits of large ex- 
pansion without increased complication, or the necessity 
of a receiver, are obtained by admitting the steam from 
the boiler into only one cylinder of a pair of engines ; 
and when half the stroke has been performed, and the 
piston of the other engine is just beginning its stroke 
and therefore requires steam, some of the steam from 
tlie first cylinder is allowed to enter the second one, 
so that the second cylinder draws its steam direct 
from the first, instead of from a receiver ; but it draws 
it at the middle of the stroke instead of at the end. 
This method may be applied easily to any existing 

* A similar arrangement was introduced by me into a steamer 
in 1869, as a means of increasing the power by the addition of 
low pressure cylinders to the existing high pressure ones. The 
paddle-wheels were not connected ; and one high and one low 
pressure cylinder placed nearly at right angles was set to turn 
each wheel. The steam passed from the high pressure cylinder 
not directly into the low pressure one, but into a reservoir which 
had pipes passing through it, which were heated by the escaping 
smoke in the manner steam is heated in a superheater. 
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engines. As a method of expansion it is only as 
efficacious as any other in the production of power. 
But its recommendation lies in the circumstance that 
the steam may be exhausted direct from one cylinder 
into the other, although the cranks are at right angles, 
and hence a large measure of expansion is producible 
in a pair of engines without increased complexity, 
without any risk of sticking on the centre, and 
with adequate equability of the rotative force. 

Chaplinas Vertical Engine, Fig. 38 is a representa- 
tion of the species of vertical engine and boiler con- 
structed by Messrs. Chaplin h Co. of Glasgow. The 
waste steam maintains a strong draught in the furnace, 
and the steam is superheated somewhat before it 
enters the cylinder. The engine and boiler are 
erected upon a cast iron sole plate forming the ash 
pan, and into which water may bo poured if desired. 
In some cases these engines are made with double 
cylinders ; and besides being extensively employed for 
land purposes, they have been largtdy introduced 
into ships for pumping, hauling ropes, discharging 
cargo, &c. In many cases they are combined with a 
steam cooking apparatus, and a distilling apparatus 
for producing fresh from salt water ; and the same fire 
which heats the cooking range also raises the steam 
in the boiler. The steam, in passing into the vessel 
in which it is condensed, sucks in sufficient air to 
aerate the water ; and after being filtered by a filter 
attached to the condenser, it is then ready for use. In 
passenger ships the engine may be made to drive 
proper ventilating fans. I consider that every ship 
ought to be fitted with an engine, as it would 
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Fig. 3S. 
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increase the safety of the ship, reduce the labour, 
and add to the comfort of all on board, while it also 
might be made available, with a simple apparatus, for 
the slow propulsion of the ship in calms. 

Steam Winches and Cranes. Steam winches are 
now very commonly employed for hoisting the cargo 
out of ships ; and steam cranes have also obtained a 
wide introduction. 

Fig, 39 represents Chaplin’s steam crane as em- 
ployed at the Great Exhibition to move heavyweights. 
The engine and boiler help to counterbalance the 
load, and they swing completely round the central 
pillar. The jib is adjustable ; and the operations of 
hoisting, lowering, and swinging, are all performed 
by the engine. The best form of steam winch that I 
have seen is that constructed by Messrs. Day & Co. 
at Southampton. 

One of the most powerful and convenient machines 
for lifting heavy weights yet constructed is the shears 
contrived by Mr. Summers, and made by Messrs. Day & 
Co. for the docks in Southampton ; and several similar 
shears have since been constructed by Messrs. Day 
for other places. The legs of these shears are formed 
of boiler plate, and there are two legs meeting at the 
top in the usual manner; but instead of the back chains 
and guys usually employed, there is a third or back 
moving which inwards, the top of the shears 
is bent forward ; and by moving which outwards, the 
top of the shears is bent back. The inward or outward 
motion of the third leg on the ground is governed by 
suitable apparatus ; but that to which the preference 
is given is a great screw working horizontally, and 
drawing in or out the leg in appropriate guides. The 
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Southampton shears have lifted as much as 100 tons; 
and the hoisting and lowering, and also the movement 
of the back leg, is accomplished by a steam engine. 
The length of each front leg is 110 feet. The form is 
that of a parabolic spindle, 3 ft. 4 in. diameter in the 
middle, and 1 ft. 8 in. at the ends. The length of the 
back leg is 140 ft., and its form is rectangular, 40 in. 
by 40 in. at the middle, and 20 by 24 in. at the ends. 
The wrought iron screw which moves the back leg is 
8^ in. diameter, and 48 ft. 3 in. long. This screw 
moves the shears at the rate of 12 ft. per minute, and 
its weight at the middle is carried by a pendulum prop, 
which the back leg moves aside as it passes. The 
back leg is held down by the flanges of the grooves 
in which its lower end works. The main purchase 
blocks consist of a pair of 4-sheave blocks, with 1^ 
chain-falls, and a leading-block above. These blocks 
are used for all weights over 20 tons, and hoist at the 
rate of about 4 ft. per minute. The light purchase- 
blocks have the same size of chain, but have only two 
sheaves above and one below. The engine which 
works this gear consumes about 6 cwt, of coal in the 
day ; and the apparatus has been very successful in 
enabling a great deal of work to be done in a short 
time with superior accuracy, and at much less expense. 
Similar shears have been constructed by Messrs. Day 
& Co. for Hamburgh, Bremen, Bromley, Woolwich, 
and Holyhead. 

Steam Riveting, Cylindrical boilers, and parts of 
other boilers, are now very generally riveted by the 
riveting machine, of which there are two forms — the 
one in which the die which forms the rivet head is 
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forced forward by a cam, in the same manner as the 
punch of a puncliing machine, and the other in which 
it is forced forward by a piston moving in a cylinder, 
in the same manner as a steam hammer. The latter 
species of machine is now most generally used. 

The first machine-riveting, so far as I am aware, 
was performed by myself in 1834, and the next was 
performed by Mr. Fairbairn, who employed a similar 
form of apparatus, resembling a common punching 
machine. Garforth’s steam hammer apparatus has 
this advantage, that the die does not require adjust- 
ment for the thickness of the plate. 

Steam Hammers. The steam hammer was suggested 
by Watt, but was brought into its present form by 
Nasmyth, whose hammer as improved by Wilson is 
represented in fig, 40. A is the cylindrical valve 
chest by moving the valve in which the steam is 
let in above or below the piston, and the hammer is 
forced up or down. The valve is worked by 
the short horizontal spindle b passing through a 
stuffing-box ; D is a bracket supporting the outer 
end of the valve spindle ; e is a balanced lever, jointed 
to the rod f passing down by the side of the frame to 
the level of the attendant’s hand. This rod ig jointed 
at G to the bent lever h, which is suspended on the 
stud I, and which terminates in a handle at H. By 
moving this handle up the hammer is raised up, and 
by moving it down the hammer is pressed down ; and 
in order that the inexperienced workman may not 
move it too far down, if a light blow is wanted, a 
guard sector j is placed for the handle to move in ; and 
by putting the pin k in one of the holes of the sector. 



92 RECENT IMPROVEMENTS IN THE STEAM ENGINE, 



NAiMVTH’s Steam Hammer. 



oondie’s form of steam hammer. 
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and bringing the handle down to the pin, the proper 
blow answering to that position of the handle will 
be obtained. 

The steam enters from the boiler through the pipe 
F, and there is a throttle valve at u, which is adjust- 
able by the handle t. 

In Condie^s steam hammer the piston is stationary. 


rigs. 41 and 42. 



toNDJE's cwT. Steam Hammer, by A. C. Wylie, London. 

and the cylinder moves ; and the piston rod is hollow 
and serves as a steam pipe to let the steam into and out 
of the cylinder. Figs, 41, 42, 43, and 44, are represen- 
tationsof Condie’s Hammer, 41 and 42 being front 
and side views of a 3^ cwt. hammer intended for smith 
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work for light forgings; and 43 and 44 being afront 
and side view of a 6 cwt. hammer intended for heavier 


Figs. 43 and 44. 



Conuie’k G cwt. Steam Hammer, by A. C, Wylie, Lundun. 


smith work or heavier forgings. In both of these 
hammers bars of any length may be welded, either 
along or across the anvil, and in the 3icwt. hammer 
the anvil block is in the same piece as the framing. 
Those hammers are all made double acting, being 
pressed down as well as raised up by the steam ; and in 
practice they have been found to act in a highly 
satisfactory manner. Figis. 45 and 46 are representa- 
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tioris of the species of self-acting steam hammer con- 
structed by Messrs. Garrett & Marsliall of Leeds, 
Jig. 45 being a section of the cylinder and slide of the 


Fig. 45. 



Section op Cylinder and Valve op Steam Hammer. 


hammer, and Jig. 46 a perspective view. In Jig. 45, 
A is the cylinder, b is the piston, and c its rod ; G 
is the regulating stop-slide, which adjusts the stroke 
by passing steam early or late from beneath the 
piston to under the piston -slide-valve D, which 
reverses the action of the steam on the piston, thus 
effecting the down-stroke. A suitable contraction 
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oi* the passage ii regulates the strength of blow. The 
longer hand-lever regulates the stroke, and the other 
the strength of blow, e is the framing. 

In this hammer the steam which works the liam- 
mer performs the office of moving the valve, being 
admitted above and below the piston-slide-valve, in 
the requisite quantity and for a suitable period of time, 
to give any iXMpjired stroke, or a lUjht blow with lead, 
or a char heavy blow without lead, retaining the 
steam upon the piston until the blow is struck. There 
is a separate valve for working the liammer by hand. 

Figs, 47 and 48 are representations of two di lfereiit 
classes of steam hammer constructed by Messrs. 
Tliwaites & Carbutt of Bradford, fig. 47 being the 
form most appropriate for small hammers, and fig. 48 
tiiat most appropriate for large. Messrs. Thwaites 
and Carbutt have had much experience in the construc- 
tion of steam hammers, and for some time have made 
nothing else; and they state that they find that llu^ 
hammers wrought by hand arc preferred and are 
gradually taking the place of those wrought by self- 
acting mechanism, being under such Ciisy and ready 
control. They slate that they have made eight(‘eii 
hammers for Messrs. Brown Co. of Slieffudd, the 
largest of which, a 15 ton. hammer, was made with 
wrought iron standards, and that they have now inad<i 
several hammers with wrought iron standards, and 
believe that this method of construction will come 
into general use. In tlie manufacture of the Bessemer 
steel, hammers of 5, 8, and 12 tons are habitually 
required. When the standards are of cast iron, the 
box form is now preferred to the old T form, and 
h 
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immense strength is necessary to enable the hammer 
permanently to ciulure the heavy shocks to which it 


4 ‘>. 



Kujhy's Stkam Hammer by Glen and Ross, Glasgow. 


is exposed. Messrs. Thwaites & Carbutt do not re- 
commend hammers of the form shown in Jig. 47 for 
larger sisses than 12cwt., and sncli hammers are very 
suitable for the work of the smith’s shop. But above 
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that weight they recommend hammers with double 
standards, of the form shown in fig* 48, as being 
tinner and stilfer, and better suited for heavy work. 

F/ff. so. 
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by two liandles, one of which opens or shuts the stop 
valve, while the other gives motion to the working 
valve by which the steam is let into and out of the 
cylinder. This last valve is a balanced piston, so 
that it is quite easily moved, and the hammer is con- 
sequently under ready control. 

Rigby’s steam hammers, as constructed by Messrs. 
Glen Sc Ross of Glasgow, and represented 49 

and oO, have obtained a very wide introduction, and 
have given much satisfaction to those employing 
them. 7%. 49 represents the form of hammer ap- 
propvhito for light work, and which differs from the 
other form only in having the anvil-block, sole-plate, 
and standards cast in one piece. Hammers on tin’s 
construction arc made of I, 2^, and 4 cwt. The form 
of hammer re])reseiitod in Jig, 50 is made of different 
weights, from 6 to 30 cwt. The hammer is urg(*d by 
the steam in its descent as well as by gravity, and 
works with great rapidity at a pressure of from 25 to 
30 lbs., which pressure should not be exceeded. 

giffard’s injector for feeding boilers. 

This is an instrument for forcing water into boilers 
by means of a jet of steam proceeding from the boiler 
itself ; and its action is somewhat paradoxical, as it is 
capable of sending water into a boiler which has a 
considerably greater pressure of steam than that 
which the steam comes from. The feed water must 
not be hotter than 120° Fahrenheit, to enable the 
injector to act; for one condition of its action is that 
the steam shall be condensed ; and this circumstance 
appears likely to restrict the use of the instrument — 
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unless suitably modilled — as the f(‘C<l water should 
certainly enter the boiler at the boiling point, to 
which it should bo raised by heat otherwise going to 
waste. In this injector a str(‘am of steam entering 
from the boiler at the highest nozzle, represented in 
fig ol, is directed upon water entering the instrument 
tlirough the nozzle next below ; and as the whole 
power of the issuing steam has been exiK*nded in 
giving momentum to its own particles, that power, 
which cannot be destroyed, reappears as increased. 
I)ressure, and forces the water into the boiler.* 
Sliould the water be shut oil* from the boiler as not 
being recpiired, then it escapes, by the nozzle next 
beneath, through a loaded valve of the usual kind ; and 
the valve at the bottom of the instrument prevents 
the return of the water when the instrument is not in 
use. The advantage of this apparatUvS is that it g(Ms 
rid of the feed pump with its valves, which have b('cn 
a source of constant trouble in engines working at 
a high spc’ed. But unless it can be so modified as to 
send the feed water into the boiler at the boiling 
point to which it will be heated by the waste heat 
of the engine, I do not see how this injector can be 
retained as a main feeding instrument, though it will 
always bo valuable as an auxiliary. 

The sizes and prices of dificrent injectors, proper for 
sending any desired number of gallons of water into 
a boiler in the hour, are given in the following 
table : — 

* The injector is virtually a hydraulic ram reversed, in which 
the small quantity of water in the steam, moving at a higli 
velocity, forces a larger quantity of water against a lower head. 
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The construction of these injectors is a special 
branch of manufacture ; and in applying to the manu- 
facturer for any suitable size, it is necessary to state 
the number and description of the boilers for which 
the injectors are intended, and also to state whether 
tliey are to have a brass or cast iron casing, as this 
last condition will affect the price.* 

Delaharre's Steam Jet This is an arrangement for 
increasing the efficiency of a steam jet in chimneys. 
The jet orifice is surrounded by a short piece of pipe 
of larger diameter, and it by another sJiort piece of 
still larger diameter, and it by another short piece 
still larger, and so on as far as is deemed desirable. 
These short pieces of pipe are all open at each end 
like ferrules, and the length of each is about equal to 
its diameter. The bottom of each is set on a level 
with the top of the preceding one, and the bottom of 
each is slightly belled out to intercept the smoke. A 
jet of this kind placed in a chimney is believed to be 
more effectual than a common jet, which will ascend 
the centre vif the chimney without much affecting the 
surrounding smoke; whereas by this arrangement each 
succeeding pipe transforms the jet preceding it into a 

* The followiiif: formula is given for determining the size or 
delivery of a Gitfard’s injector : If p be the presaire of the 
steam in atmospheres, i> the diameter of the tlirout in inches, 
and a the number of gallons delivered per hour, then g=> 

(68*4 n) *^/p and d = *0158 — t~'* Thus if the pressure of 

steam be 60 lbs. or 4 atmospheres, and the number of gallons to 

be delivered per hour be 308, then *0158 *01 58 a/ 154 

V 

= *0158 X 12*4= *19592 = diameter in iuches~5 millimetres, as 
in the table. 
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new jet of less velocity and larger volume, until at 
length the whole column of smoke in the chimney is 
brought under the influence of the central jet. 

On the benefit of Steam Jackets* The benefit of 
steam jackets round cylinders was ascertained by 
Watt, and such jackets were habitually used by him. 
But among succeeding engineers, jackets fell into 
disuse, as it was hastily and erroneously concluded 
that the waste by radiation was the only loss in- 
cident to the cooling of the cylinder, and that this 
loss would be as great in the jacket as in the cylinder. 
This error has now been for some years exploded. 
Nevertheless, although some few engineers have long 
urged the application of steam jackets to marine and 
locomotive engines, it is only very recently that 
jackets have been adopted by the best marine engine 
builders, and they arc not even yet used in locomotives. 
One reason of this tardiness of amelioration is no 
doubt the fact, that steam jackets add something 
to the cost of the engine ; and their full value, more- 
over, has not been sufficiently known or understood, 
since the whole question has been believed to be one 
of radiation, whereas the loss is by no means measur- 
able by the loss from radiation, but is a much larger 
loss, and arises from the fact of the inner surfiice of 
the cylinder being cooled and heated by the steam at 
every stroke of the engine. This action is clearly 
demonstrated by a set of indicator figures taken in 
1848, and kindly lent to me by Mr. E. A. Cowper. Four 
of these diagrams are represented in fi^s. 52, 53, 54, 
and 55, and they show the pressure really attained, 
together with the true expansion curve for the whole 
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quantity of steam that entered the cylinder, dotted in, 
and which dotted curve would have been described 


E/V. 52. 



J-ifi. 53. 



if the cylinder had been jacketed. The difference 
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between these curves represents the amount of loss 
from the want of the steam jacket ; and in fuj 52 this 
loss amounts to 11*7 per cent, ; in fig, 53 to 19*66 per 


Fig. 54. 



showing LOs’-S uy Cooj.i.ng. 


fV,-. 



DiaukajsiI showing Loss uy Cooh.ng. 
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cent,, there being rather more variation of temperature 
in this case, owing to there being more expansion ; 
in Jig, 54 the loss is 27*27 per cent. ; whilst in Jig, 
55 the loss rises to the formidable proportions of 
44*58 per cent. This loss is caused by the cir- 
cumstance that the mass of the cylinder must remain 
at the average temperature intermediate between the 
higiiest and the lowest temperatures of the steam ; 
so that when high pressure steam, which also has a 
high temperature, enters the cylinder, a considerable 
quantity of steam is at once condensed, owing to the 
abstraction of heat by the metal, and also to the trans- 
formation of a part of the heat into mechanical power. 
So soon as the steam is cutoff and allowed to expand, it 
falls much more rapidly in pressure tJian answers to its 
augmented volume, owing to still more of it being con- 
densed into water. The action of the steam is to heat 
the inner surface of the cylinder; and towards the end 
of the stroke, when the steam is much lower in pres- 
sure, and consequ<‘ntJy in temperature, than it was at 
first, the temperature of the cylinder relatively with it 
is sufliciently high to boil olf the water that was con- 
densed from the steam as it entered the cylinder ; and 
such water becoming steam causes the pressure to 
rise, and thus the curve u])proachcs the true expansion 
curve at the end of the stroke. The cylinder is 
cooled by the loss of the heat used in boiling off the 
water shut within it, and the cooled cylinder condenses 
the next volume of steam that enters to perform the 
next stroke. Thus it follows, that without steam 
lackets a large quantity of steam passes tlirough the 
cylinder in the form of water, without doing w'ork ; 
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whereas if the cylinder is steam jacketed, no con- 
densation takes place, and the whole steam does 
its full duty according to the degree to which it is 
expanded. Indeed, without steam jackets, or hot air 
jackets, or other equivalent means of keeping up the 
temperature of the cylinder, it will follow that the 
cylinder will act to some extent as a condenser at the 
beginning of the stroke, and as a boiler at the end of 
the stroke. 

MARINE ENGINES. 

In illustrating the special features of the various 
forms of marine engines of modern construction, the 
most convenient course will be to take an example 
of an engine by each principal maker, and to describe 
its structure and peculiarities. A tolerably just con- 
ception will thus be arrived at of the present condition 
of marine engineering in this country in its most per- 
fect form, care being taken that the examples selected 
are good and recent examples of their several kinds. 

Boulton ^ Watt, The example of modern engines 
by these makers that I shall select is the oscillating 
paddle engines of the Holyhead steamers, Ulster 
and Munster ; for although I might have selected fi 
still more recent example, I could not have selected a 
more perfect one. These vessels have now been 
plying regularly across the channel at all seasons for 
a sufficient time thoroughly to test their qualities, and 
they have been found to maintain a very high speed 
and to work in a most satisfactory manner. The 
vessels are each 328 ft. long, with 35 ft. breadth of 
beam, 21 ft. depth of hold, and they each measure 
about 2,000 tons, builder’s measurement. Each vessel 
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is propelled by two oscillating engines of 96 in. 
diameter of cylinder, and 7 ft. strolic. The pressure of 
steam in the boiler is 26 lbs. per sq. in. The nominal 
power of each pair of engines by the Admiralty rule 
is 750 horses. They make 28 strokes ])er minute, and 
they work up to 4,100 actual or indicated horses power. 

I'lic boilers are tubular boilers with iron tubes ; 
they arc made in eight parts, and contain in all 48 
larnaces. The total heating surface of the boiler is 
1 8,400 sq. feet, and the total area of grate bars is 
810 sq.ft. The area of the immers(‘d midship section 
of the vessel is 350 sq. ft. and the coeiricicnt of per- 
fornntnee 860. The draught of water of each oi‘ 
the vessels when launch(?d was: forward, 9 ft. 3 in. ; 
and aft, 8 ft. 2 in. The draught of water witli the 
engines, boilers, masts, and liitings, on board, but. 
without water in the boilers, was. i’orward, 12 ft., and 
aft, 12 ft. 6 in. The draught of water when ready for 
sea, and complete with stores, and 75 tons of coals, 
was, forward, 13 ft., and aft, 13 ft. 4 in. TJie weight 
of the engines is 220 tons, of the boilers 230 tons, 
of the water in the boilers, 170 tons, and of the 
paddle wheels, 110 tons: iiiakiiig a total weight of 
730 tons, or nearly 1 ton per nominal horse ])ower. 
The pistons are each made with a metallic ring 
pressed out by springs. The average pressure on the 
piston is 28*77 lbs. per sq. in. The total number of 
tubes in the boilers 4,240, of 2^ in. diameter, 5 ft. 
3 in. long, and ^th thick. The tube plates are of 
iron in, thick, and the tubes are in. distant from 
each other. The length of each furnace is 7 ft., 
and its breadth 2^ ft. There are two sets of 
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boilers in each vessel, one before and the other 
beliind the engines, and each set has a chimney 
7^ ft. diameter and 44^ ft. high above the grates. The 
paddle wheels are, feathering, 33 ft, 9 in. diameter 
to the inner edge of the outer ring. There are 14 
floats in each wheel, and each float is 4 ft. deep and 
12 ft. long. The dip of the wheels is 5 ft. 9 in. at 
deep draught. The steam is superheated by passing 
up and down through annular steam chests surround- 
ing the chimneys, divisions being introduced into the 
annular space to compel the steam to ascend and 
descend before escaping to the steam pipe. A similar 
arrangement had been introduced by me into the 
Don Juan steamer as far back as 1836. These 
vessels, and two similar vessels, the Leinster and Con- 
naught, the engines of which were constructed by 
Messrs. Ravenhill, Salkeld & Co., have realised a 
speed of upwards of 20 miles an hour, and an average 
speed in* all weathers, during the first six winter 
months, of 18 miles an hour. In the Leinster and 
Connaught the cylinders are 98 in. diameter, and 
6ft, Gin. stroke, and the engines are rated at 720 
nominal horses power, but are in reality 770 nominal 
horses power. There arc eight boilers, containing 40 
furnaces and 4176 tubes, and a total heating surface 
of 1 6,800 sq. ft. At the official trial the engines, with 
a pressure of steam of 20 lbs., made from 25 to 26 re- 
volutions per minute, and exerted 4,751 actual horses 
power. The consumption of fuel is about 3 lbs. per 
indicated horse power per hour. 

John Penn ^ Son, The engines of these makers 
which I shall select for illustration are the engines of 
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the Warrior, Black Prince, and Achilles — all hori- 
zontal trunk engines of the construction represented 
at page 79 of my ‘ Catechism of the Steam Engine.* 
These engines are each of 1,250 horse-power, and 
notwithstanding their immense size, they are distin- 
guished by the same beauty and accuracy of work- 
manship for which Messrs. Penn’s engines have long 
been famous. The cylinders are of 112in. in diameter, 
and 4 ft. stroke. The trunks are of 41 in. diameter, 
which reduces the effective diameter of the cylinders 
to 104{^in. The air pumps are double acting, 36 in. 
diameter, and 4 ft. stroke. The feed and bilge pumps 
are in. diameter; the crank shaft is of 19 in. 
diameter, and the screw shafting is of 17 in. diameter. 
The screw, which is on Griffith’s plan, is 24^ ft. 
diameter, and 30 ft. pitch. There are two engines in 
each vessel, and they make about 45 revolutions per 
minute ; there are 10 boilers in each vessel, and each 
of these boilers has 4 furnaces in it 7 ft. 3 in. long, 
and 3 ft. wide. Tiie tubes are of brass, 2| outside 
diametc's and 6 ft. 8 in. long, and there are 440 tubes 
in each boiler, or 4,400 tubes in all. The smoke is 
carried off by two funnels on the telescopic principle, 
7 ft. 6 in. diameter, and 54 ft. above the bars of the 
grate. 

The Warrior and Black Prince are both iron vessels 
of 6,039 tons burden, built of iron, and covered with 
two thicknesses of teak, over which are bolted armour 
plates of iron 4 in. thick, and ploughed and tongued 
at the edges to enable each plate to give mutual sup- 
port to those next it in the event of strain or shock. 
With an immersed midship section of 1,200 sq. ft., 
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and a pressure of steam in the boilers of 22 lbs. per 
sq. in. these vessels exerted about 5,400 actual horse- 
power, and attained a speed of 14^ knots — the en- 
gines making 55 revolutions per minute. 

Messrs* Ravenhill, Salkeld ^ Co, The form of 
screw engines employed by Messrs. Ravenhill, Salkeld 
& Co. is represented in Jig. 56. This form of 
engine is a horizontal steeple engine of the same type 
as that of the Amphion, the engines of which, designed 
by the late Mr. Holm,* were constructed by Messrs. 
Miller, Ravenhill & Co. The Amphion was the first 
vessel built in this country with the engines below the 
water-line ; and the species of engine with which she 
was fitted appears to me the best species of screw engine 
yet introduced, and one which perfectly satisfies the 
existing necessities of screw pro[>ulsion. There were 
I'aults of detail in the engines of the Amphion which 
have been subsequently corrected ; and in the best 
examples of this form of engine a very perfect result 
is exhibited. 

In the example shown in Jig. 56 there are two 
cylinders placed side by side with their axes running 
athwart-ships in the vessel ; and the cylinders are on 
one >ide of the vessel, and the condensers and air pumps 
on the other side. Two great pipes extending across 
the engine conduct the exhaust steam from the cylin- 
ders to the condensers. There are two long piston 
rods passing one above the shaft and the other below 
to the cross head which moves in guides on top of the 

* The engrines of the French frigate Pomonc were also de- 
signed by Mr, Holm, who was a Swedish engineer of great 
ability. 
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condenser, and from which a return connecting rod 
proceeds to the crank to turn it round. The various 
subordinate features of the arrangement are made so 
plain by a reference to the drawing that it is needless 
to enlarge on them further. 

Maudslay, Sons ^ Field. Messrs. Maudslay and 
Field have long employed a species of engine similar 
to the foregoing ; but latterly they have made their 
screw engines with three cylinders instead of two, with 
the object of reconciling equability of motion with 
a high speed and a large measure of expansion. The 
aggregate capacity of these three cylinders is about 
half or three quarters larger than the two ordinarily 
used for the same power. This is for the purpose of 
using the steam more expansively. The steam is 
shut off much earlier in the stroke than heretofore. 
Six efforts are given in each revolution, which gives 
more uniform motion to the screw shaft, and the whole 
is so completely balanced tliat the unpleasant agitation 
folt in screw vessels at high speeds is entirely removed. 
The steam is superheated ; the cylinders are cased all 
round and at both ends, and this case is filled with 
superheated steam, which keeps the cylinder up to the 
maximum temperature. The steam is condensed by 
surface condensers, having small perpendicular tubes 
— the cooling surface being about the same as the 
heating surface of the boiler. A still is provided 
to make up the waste. The cold water is forced 
amongst the outsides of the tubes by a pump, and 
is so directed that it all enters at the lower edge all 
round, and also in the centre of the cluster; then 
rising it is driven out at the upper edge of the tubes. 
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The superheating apparatus is composed of a number 
of horizontal tubes round at the end where they are 
fitted into a tube plate, but fattened throughout the 
greater part of their length. By these means the 
steam is greatly subdivided, and more effectually pre- 
sented to the action of the heat, and more room is also 
afforded for the smoke to pass between them. To 
enable any of the tubes to be replaced when worn or 
leaky, the central tube of each group of nine is made 
oval at one end, to admit of any of the nine tubes of 
the group being introduced or withdrawn. One end 
of the tube intended to fit this hole has a flange and 
is fitted with four screws. 

The boilers are of the usual tubular kindj they 
work at 20 to 25 lbs. pressure. The feed water is 
heated in its passage back into the boiler. Care has 
been taken that there should be as little waste of steam 
as possible in the passages between the slide and the 
cylinder; and the length of this passage is reduced by 
usin^ two small slides instead of one large one to each 
cylinder. The expansion is effected by the slide 
alone. The slide valves, which are long and three- 
ported, are moved by a three-throw crank or eccen- 
tric ; and the openings are large, while the travel is 
very small. The eccentrics are driven by a small 
spur wheel on the main shaft, and a similar wheel on 
the eccentric shaft. These wheels are connected by a 
pair of intermediate wheels fixed in a rising and 
falling frame. The elevation or depression of these 
wheels has the effect of altering the position of the 
eccentrics relatively with that of the main crank, and 
thus effects the forward and backward motion of the 
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engine ; and it also adjusts the degree of expansion 
within the limits of ^th and |^tli of the stroke. This 
engine combines all the well-estiblished sources of 
economy in the steam engine. The workmanship is 
of the very first quality ; and tlie whole is of great 
strength and solidity. The thrust bearing is formed 
of collars on the shaft, but set wider apart than is 
usual ; and each collar has a horse-shoe plate applied 
to it to take a proportion of the thrust. There are 
5 or 6 of these collars and plates ; each plate is ad- 
justable by screws and admits of being separately 
taken out and replaced, and this can be done while 
the engine is working. A set of these engines of 
500 horse-power has been fitted by Messrs. Maudslay 
in the steam frigate Octavia. Each of the three 
cylinders is 66 in. diameter, and the length of the 
stroke is 3 ft. 6 in. The valves are double-ported ; 
each condenser is fitted with 5^ miles of -^in. cop- 
per tubing (No. 18 wire gauge), and the circulating 
pumps, which are fitted with lignum vitcB packing, are 
worked by arms from the cross-heads. The Octavia 
is a vessel of 3,161 tons; and at the official trial in 
1861 she realised a speed of 1*?^ knots with a dis- 
placement of 2,921 tons, an immersed midship sec- 
tion of 5.52 sq. ft., a pressure of steam of 20 lbs., 69^ 
revolutions, and an indicated power of 2, 265 horses. 
The consumption of coal was only 2J lbs. per indicated 
horse power. 

Messrs, Robert Napier ^ Sons. The engines of 
the steamer Scotia for the Cunard line, by Messrs. 
Napier of Glasgow, are of the side lever description, 
and the cylinders are 100 in. in diameter, and 12 ft. 
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stroke. The parts of these engines are of enormous 
strength, and their general configuration is the same 
as that of the side-lever engines usually constructed 
by Messrs. Napier, except that the side levers are of 
wrought iron, and the slide valves, which are of the 
short D kind, connected with three rods, have metallic 
packing at the back, consisting ol’ a cast iron segment 
cut obliquely at the centre, and accurately fitted to 
the back of the valve. There are two such segments 
opposite to each port with a space between them equal 
to the depth of the port, the purpose of which is to 
put the valve into equilibrium, whereby it is more 
easily worked. This improvement is due to Mr. 
Waddell ; and it has been found to be useful and 
efficient in practice. The sole plate, condenser, and 
air pump of each engine are all cast in one piece ; and 
the air pumps after being bored out are lined with 
brass chtirabers. TIjo cylinders are formed with 
double bottoms, and the whole structure of the engine 
is of the most conscientious and substantial character. 

One form of screw engine employed by Messrs. 
Napier is the horizontal steeple kind very similar to 
that employed by IMessrs. Ruvenhill and Messrs. 
Maudslay. But they also occasionally use, in the case 
of merchant steamers, inverted engines of the forge 
hammer type similar to those employed by Messrs. 
Cait’d, of which a description is given at page 126. 
An example of Messrs. Napier’s horizontal engine is 
given in Jig, 57, which is a representation of the en- 
gines of the armour-plated steamer Rolf Krake, con- 
structed by Messrs. Napier h Sons for the Danish 
navy. In the first examples of this species of engine, 




Enoinki or TOT Danish Asuoub-Flatbd Vecsbl Rolfs Kraee, constbuctbd by Napier & Sons, Glasgow. 
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constructed by Messrs. Napier, the piston rods, in- 
stead of being attached to a cross head moving in 
guides, were attached to a great plunger which con- 
stituted the bucket of the air pump ; and from the 
bottom of this plunger, which was cast open at one 
end like a trunk, the connecting rod proceeded to turn 
the crank. But this plan is much inferior in simpli- 
city and eligibility to that which Messrs. Napier have 
since adopted, as shown in Jig. 57, and which, in the 
application of counterweights and otherwise, resembles 
the form of engine introduced by me in 1852. 

Messrs. Day ^ Co. The screw engine of Messrs. 
Day & Co. of Southampton is also of the horizontal 
steeple variety, but in most of the details it is the 
most judiciously arranged engine I have met with. 
A representation of Messrs. Day’s engine is given in 
Jig. 58, which is engraved from a photograph of the 
engines of the steam screw yacht Brilliant, of 100 
horse power, constructed by Messrs. Day. This 
vessel is 191 ft. long, 21 ft. broad, and of 419 
tons builder’s measurement. There are two engines, 
each with a cylinder 40 in. diameter, and 2 ft. stroke ; 
and with a pressure of steam in the boiler of 20 lbs., 
and a vacuum in the condenser of 27 in. of mercury. 
The engines make 90 revolutions per minute, and exert 
510 horse power. Fig. 59 contains two indicator 
diagrams taken from one of the engines, one diagram 
being taken from the cylinder on one side of the 
piston and the other diagram from the other side. 

It will be seen by a reference to Jig. 58 that the 
cylinders lie on the one side of .the screw shaft, and 
the condensers on the other, as is the common arrange- 
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Screw Engines of the Steam Yacht BrillianTi by Missits. Day and Co.. Southampton. 
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merit in this class of engine, and a single pipe 
conducts the exhaust steam from the cylinder to the 
condenser. The cylinders are cast with a square box 
around them, which is filled with steam from the 
boiler ; but the upper part of the space between this 
box and the cylinders constitutes a passage for the 
exhaust steam, and is consequently separated from 


Indicator Diagrams vrom Engines of Screw Steam Yacht Brilliant, 
RY Messrs. Day & Co., Southampton. 


the rest of the box by a proper partition. Tlie box 
itself is lagged to prevent the dispersion of the heat. 
The condenser stands between the guides of the two 
engines, in which situation it is quite out of the way, 
and leaves the guides perfectly accessible. Messrs. 
Day & Co. very generally employ surface condensers, 
but they are so compact that their presence is scarcely 
known by any external sign ; and by merely opening 
a communication valve they may at any time be con- 
verted almost instantly into common condensers. The 
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air pump of one engine acts as a circulating pump for 
the refrigerating water ; and the water is sometimes 
drawn through the tubes and sometimes forced. The 
other air pump more than suffices to pump out the 
small quantity of water arising from the condensa- 
tion of the steam ; and the two air pumps are at any 
time available for their ordinary duties, should the 
condensation by jet be at any time resumed. 

Messrs. Humphrys ^ Tennant. These makers 
generally employ double-cylinder engines, which in 
some cases, as in that of the Moultan, are vertical, and 
in other cases, like that of the Poonah, are horizontal. 
In the engines of the Moultan, the cylinders are 
inverted, and stand above the screw shaft ; and the 
connecting rods, which are jointed to the ends of the 
piston rods as in locomotives, work down to the shaft. 
There are two large cylinders, and two small ones, 
the large cylinders being 96 in. diameter, and the 
small ones 43 in. The stroke of both is 3 ft. The 
two pistons are fixed on one rod, vertically over each 
other. The total heating surface in the boilers is about 
12 sq. ft. per nominal horse power. The engines are 
fitted with HaH’s surface condensers containing about 
the same surface as the boilers ; and the cold water is 
caused to flow through them by a centrifugal pump on 
Appold’s system, made by Easton & Amos. The 
boilers are also provided with Lamb’s superheating 
apparatus, which contains about 3^ sq. ft. of surface 
per nominal horse power. The engines of the 
Poonah are similar to the foregoing, only horizontal. 
In Messrs. Humphry’s recent horizontal engines, 
the air pump, which is also horizontal, and is placed 
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beneath the condenser, is so constructed as to drain 
the condenser completely at every stroke; and the 
pump barrel is at all times filled with water, which 
being pressed by the air pump piston, displaces the 
water which last entered. 

Messrs, Caird ^ Co, In their recent e;x.ample8 of 
screw engines, Messrs. Caird & Co. of Greenock have 
introduced surface condensers and other expedients 
to promote economy of fuel. The following are the 
principal particulars of the steamer Hansa, built to 
ply between Bremen and America : — The engines are 
direct acting, having inverted cylinders of 80 in. 
diameter, with a stroke of 3 ft. 6 in. The slide valves 
are double-ported, worked with a link motion, and 
having a variable grated expansion valve, placed im- 
mediately behind the main slide valve, worked by an 
eccentric and a shifting link, to vary the cut off from 
the cylinder as required. The crank shaft is 16 in. 
diameter at the bearings ; the screw shafts are 14| in. 
diameter ; the propeller shaft bearings are covered 
with brass, and the stern pipe is bushed with brass. 
The surface condenser has 3,584 brass tubes, lin. 
external diameter, and 7 ft. long ; the steam to be con- 
densed surrounds the tubes, and cold water is passed 
through them at the rate of from 750 to 1,000 cubic 
ft. per minute, as may be necessary. The water is 
pumped from the sea by two horizontal double-acting 
pumps, worked from the forward end of the crank 
shaft. These pumps are 21 in. diameter, with a 
stroke of 24 in. The boilers are in four separate 
parts, having four furnaces in each part, with a total 
grate surface of 350 sq. ft., and a heating surface of 
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9,200 sq. ft. The superheating chest is placed im- 
mediately under the funnel, and has a total heating 
surface of 2,100 sq. ft. There are two safety valves 
to each boiler, loaded to 25 lbs. per sq. in. Tliere is 
also an auxiliary boiler for keeping up the supply of 
fresh water that may be lost through blowing olf 
steam, or from leaky joints. The grate surface of 
the auxiliary boiler is about 24 sq. ft., and the heating 
surfjice about 500 sq. ft. There is also a small boiler 
for working the deck winches ; and a donkey engine 
for the steam of the boiler to work. 

ItowarCs Expansive Steam Engine. This specie’s of 
engine combines the various improvements of a higli 
pressure of steam with superheating and surface con- 
densation ; and is reported to have acted with a 
smaller consumption of fuel than has been heretofore 
attained in any engine whatever. In one case, an 
engine of this kind was reported by Professor Ran- 
kinc as capable of working with a little over 1 lb. of 
coal per indicated horse power per hour; but tliis 
measure of economy does not appear to have been 
supported in practice. Fig. 60 is a representation 
of Rowan’s engines as applied to drive the screw 
propeller. There are two inverted engines combined 
as usual at right angles, to turn round the screw shaft. 
But each engine has three cylinders — the middle one, 
which is the smallest, being a high pressure one, and 
the two side ones being low pressure. The three 
piston rods are connected to a cross head, and move 
up and down simultaneously. The steam, after hav- 
ing acted on the piston of the high pressure cylinder, 
passes into the low pressure cylinders, from whence 
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Fig.&i. 



Rowan’s Tkhblk Cylinder Expansive Engine. 
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it passes into a tall cylindrical vessel, traversed by 
small vertical tubes, and filled with cold water. The 
water surrounds the tubes; and through them the 
steam passes and is condensed and returned to the 
boiler as hot distilled water. An agitator is kept 
revolving within the cylindrical vessel to insure the 
cold water being equally distributed among all the 
tubes, and one of the air pumps is fitted up to main- 
tain a circulation of water through the condenser, 
while the other is fitted to act as an air pump in the 
usual manner. About 10 or 11 sq. ft. of condenser 
sui'face per nominal horse-power is the proportion 
given in Rowan’s engines. 

Messrs. Simpson <§• Co. Messrs. vSimpson & Co. 
of London have lately introduced a species of double 
cylinder engine in which the high-pressure cylinder 
is placed within the low-pressure cylinder ; the latter 
being in fact an annular cylinder, with a cylinder of 
smaller diameter within it. The steam is admitted 
and discharged from both cylinders by means of a 
single valve ; and the arrangements appear on the 
whole to bo such as will commend themselves to 
public approbation. 

Millwall Iron Company. The direct acting engines 
constructed by the Millwall Iron Com])any for the 
West India Mail Company’s screw steamer Kljone 
have two inverted cylinders working down to the 
screw shaft; and the engines are fitted with surface 
condensers, the pumps for maintaining a circulation 
through which are placed in a hori;iontal position at 
tlie end of the engines, and are worked off a crank 
on the end of the screw shaft. The intermediate 
k 
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shaft is formed of Krupp’s steel ; and the workmanship 
and materials of the engines are of the very first 
quality. A drawing of these engines is given iny/^. 61. 

In another set of engines by the same makers, 
there are three inverted cylinders working down to 
the screw shaft, and tlie cylinders have steam jackets 
and other economical arrangements which are ex- 
pected to reduce the consumption to a little over 
2 lbs. of coal per actual horse-power per hour. 

3Iessrs, R. ^ W. Haivtkorn, The marine engines 
of these makers have long enjoyed a very high repu- 
tation for efficiency and durability, and for a most 
remarkable exemption from accidental derangements 
or break-downs. Their screw engines are of the 
horizontal kind, with the condensers opposite to the 
cylinders ; and long eduction pipes communicating 
from the one to the other as in Messrs. Penn’s ar- 
rangement. But instead of the trunk, a short con- 
necting rod joined to the piston rod is used after the 
fashion employed in locomotives. In the engines of 
H. M. screw gunboat Shearwater, constructed by 
Messrs. Hawthorn, the cylinders are 40 in. diameter, 
and the stroke 22 in. The nominal power is loO 
horses, and the pressure of steam in the boiler is 
20 lbs. per sq. in. There are two boilers of the 
ordinary gunboat construction, with three furnaces in 
each ; and 297 brass tubes running at right angles to 
the furnaces, and containing a total heating surface 
of 2,892 sq. ft. or 19*2 sq. ft. per nominal horse- 
power. The Shearwater is a vessel of 669 tons ; 
and with a displacement of 840 tons, and an area of 
midship section of 278 sq. ft., she realised a speed of 
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9 knots, the engines making 92 revolutions per 
minute, and exerting G32 actual horse-power. The 
s(rj*(.*w pi‘(ipelier is one of GriHUhs’ of 10 ft. diameter. 

IL re, then, I close my remarks on marine engines 
of recent construction ; and notwitlistanding the in- 
numerable and incessant elTorts which have been 
made to introduce new improvements, 1 do not see 
tliat any considerable improvement has yet been intro- 
duced. SiiperlKiJiting, from which such exaggerated 
henelits were at one time expected, has collapsed to 
its proper dimensions; and it is now found that about 
the same amount of superheating as obtaiiu^d in the 
old flue boilers is the most beneficial. Tlie pressure 
has been gradually increasing, and that no doubt is 
a benefit if adequate measures be simultaneously 
ado]>ted to increase the strength of the boiler. But 
the exi.-ting marine boiler is ill adapted to withstand 
any considerable j)ressurc ; and, as things now stand, 
to in crease the pressure is to increase the risks of 
explosion. The method of surface condensation now 
>0 generally cini>loyed in steam vessels I do not 
believe will be permanently retained, at least in its 
])resent cumbrous form ; and on the whole there is very 
little that is new in marine engines w'hich can be cha- 
racterised as a permanent amelioration. The intro- 
duction of the governor and the use of steel for shafts 
are valid steps of improvement, though not very mo- 
mentous ones ; and, indeed, the use of a steel shaft is 
only tantamount to the employment of an iron one so 
much larger than before. AVe now require marine 
boilers capable of enduring liigli pressures of steam 
with safety, and if salt water is used in the boilers, 
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we require the introdaction of some avrangomcut 
which will prevent the sulphate of lime Irom beins; 
precipitated on the heating surfaces, which takes 
place at a temperature answering to 40 lbs. pressun^ 
of st-eani without any concent ratidli of the water at 
all. We also require the introduction of some simple 
and effectual mechanism fur firing the furnaces, 
especially in the case of large vessels employed in 
warm climates. It would also Tk* an advantag(', 
especially in the case of vessels p(‘rformiug long 
V(»yagos, if some really effectual and tinohjeetionahle 
method could be introduced of burning tlic S4nok('. 

LOCO^rOTl V E ENC IXE S. 

Iherc are two main objects of aspiration wliieh 
are set forth in tlu; designs of many of the modern 
locomotives ; the one to burn the smoke so as to 
j'nablc coal instead of coke to be cm I her wlioll}^ or 
partly used in tlu; furnace; the other to realise great 
tractive power, so as to enahle each gof)ds engine tr» 
<lraw heavier trains than heretofore. Ncnlher of 
these indications can be said to liave be(m veuy per- 
fectly fulfilled by any of the plans liitherto pro- 
j)OuiHlod for that purpose ; and in seeking to increase* 
ilie power, various forms of monstrosity have been 
ju’odnced, promising neither eminent success nor 
great longevity. In particular, the recent goods 
engiiu'S on some of the continental railways a^va re- 
markable examphis of retrograde improveirK’iit ; and 
it docs not appear probable that the use of such 
cumbrous and gcnjty structures can long be rctaitied 
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after the stimulus of novelty attending their creation 
has passed away. 

The various plans which have been propounded 
for burning smoke in locomotives are mostly repro- 
ductions of old flans long since tried in land and 
marine engines, and gradually abandoned. The prin- 
ciple on which these various arrangements are 
founded is either that of admitting air above the 
fuel, to burn tlie smoke, or that of using a sufficient 
area of fire bars, and a sufficiently thin fire, to enable 
the quantity of air required to burn the smoke to 
j)Hss through the fire ; and the smoke is conducted 
either among hot bricks and tiles, or over incan- 
descent embeivs, to induce the more effectual union of 
the uncombiued oxygen in the air with the uncon- 
« sumed carbon in the smoke. All these methods, how- 
ever, are only methods of approximation, which 
though they diminish the smoke by no means pre- 
vent it ; and the consequence is, that locomotives pre- 
tending to burn the smoke, or unlawfully using coal 
even without this plea, are now spreading such large 
volumes of smoke over the face of the country as to 
eonstitu;;© a new and serious nuisatice. Heretofore 
coke only was used in locomotives, when of course 
no smoke was created. But, of late years, they have 
been gradually sliding into the use of coal ; and the 
probability is, that the nuisance will go on increasing 
until it becomes intolerable, and is finally subverted 
by the strong hand of power. Some of the smoke- 
burning expedients employed are merely hollow pre- 
texts for the evasion of the obvious duty of burning 
the smoke. 
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COAL-BURNING LOCOMOTIVES. 

It would be impossible to enumerate within the 
limits to which these remarks have to be restricted, 
the numerous projects which have been propounded 
at different times for burning the smoke in steam 
boilers. Among those who have directed their at- 
tention to burning smoke in locomotives, the plans of 
Gray, Dewrance, Yarrow, M‘Connell, Beattie, Cud- 
worth, and Tembrinck, and espc^cially the four last, 
have attracted most attention, and some of these 
expedients have obtained a pretty wide introduction. 
In McConnell’s arrangement the fire-box is divided 
longitudinally by a water space, so as in reality to 
form two furnaces like the furnaces of a marine 
boiler. Air is admitted at sundry openings at the 
front and sides of the fire-box, and the tubes arc con- 
siderably shortened in the barrel of the boiler, so as 
to leave room for a combustion chamber in which the 
smoke may rest and be burned. In some of the 
forms of Beattie’s boiler, a similar combustion cham- 
ber is employed, and an excellent and recent example 
of his engine is given in Jrr;. 62, which is a repre- 
sentation of the express f)assenger engine Lncy, 
placed upon the London and South-Western BaiJway 
in 1864. In tJiis engine the diameter of cylinder is 
17 in.; stroke, 22 in. ; working pressure, 135 lbs. jxt 
sq. in. ; diameter of barrel of boiler, 4 ft. ; length 
of barrel, 9fr. 6in.; length of fire-box, 4 ft. 6 in. ; 
width of fire-box, 4 ft. ; heating surface of fire-box 
and chamber, 178‘36 sq, ft. ; heating surface of hol- 
low stays, 32*63 sq. ft. ; heating surface of tubes, 
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598*31 sq. ft. ; total heating surface, 809 3 sq. ft. 
The driving and trailing wheels are coupled, and are 
7 ft. in diameter ; the leading wheels are 4 ft. in dia- 
meter. The distance between the driving and lead- 
ing wheels is 6 ft. 2^ in., and between the driving and 
trailing wheels, 8 ft., making the total length of the 
wheel base 14 ft. 2^ in. The total weight of this 
engine is about 32 tons, distributed as ibllows : on 
the driving wheels 12 tons; on the leading wheels, 
11 tons ; and on the trailing wheels, 9 tons. There 
;jre 18 of these engines already made, and others in 
course of construction. The average consumption of 
fiK'l in tliese engines is 24 lbs. per mile, the average 
load being lo*5 carriages, and sometimes 30 carriages 
are taken. The average speed maintained with these 
(’ngines is for exprOvSs trains, 45 to 50 miles an hour, 
and for ordinary trains, 30 to 40 miles an hour. The 
piston rods, connecting rods, coupling rods, cross 
1 leads, wheel tires, and other main parts are of Bes- 
semer’s steel ; and Allan’s straight link is used for 
transmitting the motion to the valve. 

The smoke is burned by dividing the furnace into 
Iwo furnaces by the inclined water bridge running 
from side to side of the tire-box, which bridge is per- 
forated ; and the space between it and the furnace 
door is covered by a perforated tire block, thus funn- 
ing an inclosed furnace, ilje smoke from wbicli must 
escape through the perforations. 'J^liis fumjice is 
litted with a door of its own below the ordinary hre 
door, which is placed liiglier than usual ; and the 
furnace next the tubes may be fed witJi coke, wliilc 
the other is fed with coal. The smoke escaping 
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through the perforations is deflected by tlie hanging 
bridge down towards the incandescent coke, and is 
consequently in a great measure consumed ; and tJic 
products of combustion pass through a number of 
short pipes into the combustion chamber, and from 
tlience into the tubes. These engines are also fitted 
with Mr. Beattie’s feed-water heater, which emplcj's 
a portion of the exhaust steam to heat the feed-water 
boiling hot. In consequence of this arrangement, Mr. 
Beattie is precluded from using Giffard’s injector; 
and the boiler is fed by pumps in the usual manner, 
which seems, all things considered, to be the prefer- 
able arrangement. 

The peculiar feature of Cudworth’s engine, repre- 
sented in fuj. ()3, is the fire-box. This is made 
very long, and is carried back over the hind axle ; 
the fire-grate is inclined towards the tube-plate, 
and at the lower end it is furnished with a trap- 
door tlirough which the clinkers and ashes arc dis- 
charged, and the fire is dropped. The fire-door is 
perforated ; and air is admitted through it when 
necessary. 

A titin fire is kept on the grate. The fresh fuel is 
supplied at the upper end only, and it gradually 
descanuls during combustion, so that there is only a 
bright clear fire at the lower end. The gases evolved 
from the fresh fuel mixed with air passing through 
tlie grate and door, are sullicienlly heated in their 
way to the tubes to inflame, and hence less smoke 
is made. It is one of the advantage's of this engine 
that owing to the fire-box projecting over the hind 
axle the weight on the coupled wheels is increased 
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and equalised. In fact the weight of the engine is 
t'qnally distributed over all the wheels. 

Sharp, Stewart & Co.’s smoke-burning locomotive, 
wdiich is represented in fig, 64, is very similar to 
Cudworth’s. This engine has been specially designed 
for working a lieavy goods traffic on a line having 
siiarp curves and steep gradients. The principal 
dimensions are as follows: inside cylinders, 19 in. 
dianw^ter, and 24 in. stroke; there are six wheels 
coupled, of 4 ft. 4 in. diameter: the Aveight on the 
h'adiiig axle is 12 tons 17 CAVt., on the centre axle 
tons 19 cwt., and on the hind n-xle 11 tons Ui cwt. ; 
making a total weight of 38 tons Avhen the engine is 
in running condition. 

The form of coal-burning locomotive furnace em- 
ployed on many of the Freiudi 2 *?iilways is repre- 
sented in ;^V/. 65, Avhich sIioaa^s the fii‘c-box of one of 
ili(‘ locomotives employed on the Paris and Orleans 
railway, and in Avhich Tembrinck’s system of burning 
the smok(.* is introduced. A is the fir(‘-box in which 
rlie fire is placed, resting on the firebars r., and these 
bars are made taper, so as to have a narrower air 
space near the furnace mouth than further in ; c is a 
set of subsidiary liars set in a frame which may be 
opened to dro}) the fire, or to lot the clinker out; d 
is a water space running obliquely across the furnace 
nearly parallel to the bars; e is a mouthpitcc to 
receive tlio coal Avbich is there roasted by the radiant 
heat from the fire ; and the expelled gas is burned by 
coming into contact Avith the flame from the fire 
after being mixed Avith the air Avhich enters through 
tlie air- valve at f, Avhich is regulatetl by the handle G ; 
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ji ia one of llio doors opening into the fire-box. It 
is stated that in these engines the evaporation witli 


Fig. C5. 
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FOREIGN GOODS LOCOMOTIVES. 

Some idea will be formed of the kind of ‘ steam 
elephants ’ employed on some of the foreign railways 
in conveying goods, by a reference to Jigs, 66, 67, 
and 6S, and which are a side elevation and two 
transverse sections of one of the 8-vvheeled goods 
engines employed on the Northern Railway of France. 
It will be observed the fire-box is considerably wid(*r 
than the width between the wdieels ; and the barrel 
of the boiler is crammed so full of tubes as to leave 
scarcely any room for steam, and little facility for the 
circulation of the water. Of course such a boiler 
will prime ; but to meet this difficulty a superheat(‘r 
is carried along the top of the boiler : and as with 
all this gear the erection would be too high to go 
under tlie bridges Avith the addition of the chimne,y, a 
horizontal chimney a little turned up at the end is em- 
ployed. Machines however even still more formidabh' 
than this are used in some cases ; and on the same line 
engines with twelve coupled wheels and four cylinde rs 
are employed, two of the cylinders being placed at (me 
end of the engine and driving six of tlie Avhecds. and 
the other two cylinders being placed at the other end 
of the engine and driving the other six wheels. So far 
as these parts are concerned, there arc virtually two 
locomotives ; but there is only one boiler restitig on 
one framing, in which all the wheels are {daccd. To en- 
able such a great length of coupled wluiels, however, 
to get round curves tlie fore and after axles of each 
group of six Avheels is susceptible of a little end play; 
and a horizontal lever with a fulcrum over thri centre 
axle of each group extends to the fore and after axle 
of each group, to which it is eo connected that when 
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tlie fore axle moves a little on end in one direction^ 
the after axle shall bo constrained to move a little on 
end in the oj^posite direction. By this complex ar- 


Fig. 67. 



Goods Engine Northern Raii,way of France. 
Cross Section through Fire-box. 


rangement the one group of six wheels is enabled so 
to arrange itself relatively with the other group that 
an eficct tantamount to that produced by a joint in the 

1 



146 RECENT IMPROVEMENTS IN THE STEAM ENGINE. 

frame is obtained. The peculiar features of this 
engine will be better understood by a reference to Jig. 

Fig. 68 . 



Goods Knoinr, Northern Railatay of France. 
Cross Section through Smoke.box. 


69, where a a are the cylinders, b the boiler, s the 
superheater, and c the chimney. 

One of the engines of the Orleans railway is repre- 
sented in Jig. 70, but as it resembles the construction 
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of common locomotives, it is unnecessary to de- 
scribe it. 



One of the steepest gradients which has to he sur- 
mounted by railways in any situation is that known 
JUS the Soemmering incline, on the line from Vienna to 
Trieste, where it crosses the Styrian Alps. Various 
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Special forms of locomotives have been contrived to 
surmount this difficulty, in some of whidi the wheels 
of the tender were driven from the engine by pitched 
chains, and in other cases spur wheels between the 
axles are empolyed. Fig. 71 represents the form ol 
engine employed on this service in 1856, and fig. 72 
represents the form employed in 1861. In this last 
example the tender is attached to the engine in the 


Fig. 72. 



Eioht-Couplbij Whkel Engine op Scemmerino Incline, 1861. 


manner usual upon other railways ; but in fig. 71 the 
tender is stuck on to the end of the engine and is 
supported upon wheels which arc put into revolution 
by means of rods proceeding from the nearest wheels 
of the engine, which wheels are themselves put into 
revolution by means of gearing. Upon the third 
axle of the engine a toothed wheel is fixed, which 
gears into another toothed wheel of the same size. 
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and this last wheel gears into another toothed wheel 
on the next axle and turns it round. The positions 
of these toothed wheels are shown in the figure by 
dotted circles. 

In some of the forms of engine with four cylinders, 
and six coupled axles, three of the axles and two of 
the cylinders are attached to a framing, on which the 
boiler rests on two points, one on each side of the fire 
box, while the other three axles and the other two 
cylinders are attached to a bogie or independent 
carriage travelling upon a centre on which the 
smoke box rests, and this bogie accommodates itself to 
the curves of the road. Such a device however is only 
a clumsy approximation to two independent engines, 
and the use of two engines with the footplates 
brought together as recommended by me in my 
‘Treatise on the Steam Engine’ in 1845, so that one 
set of handles might govern the movements of both 
engines and one stoker fire both furnaces, would bo 
greatly preferable to the use of those uncouth levia- 
thans. The great height of these engines relatively 
with the width of base necessarily makes them top 
heavy ; while tlio relative narrowness of the gauge 
— which limits the diameter of the barrel of the boiler 
and consequently the area for the introduction of the 
tubes — has led to such crowding and such contraction 
of the areas in this part, as to diminish the efficiency 
of the heating surface, besides leading to other incon- 
veniences. 

The principal dimensions of some of the more re- 
markable of the continental locomotives are given in 
the following table 
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PARTICULARS OF FOREIGN 

1 I,i«e on wfiic'ti the Knginc run* 

Northern of France 

) K mil of Engine . . . . 

! 

Kngerth 

4 coupled 
axles. 

4 coupled 
axles. 

4 cvlinriprs 
(t lliivi;ll 
axle». 

1 Diatnetpr ofcvlindor in inches . . 

l‘J** 8 

Ift-ftf) 

17-22 

Length of stroke in inrhes , . . . 


18-ftf) 

17:i2 

Diuinetcr of driving \vh«cl in inches . 

ID-CO 

(i2-iM) 

41 73 

Pressure of steam in lbs. per square > 
inch . . . j 

120 

125 

13.5 

Heating surface of fire box in f 
square feet ........ j 

Heating surface of tubes in square 1 
feet 

11.') 71 

107 61 

107-64 

2(K)4-5.5 

16S7-76 

2371 17 

Total heating surface in square ) 
feet J 

3120-26 

1705.10* 

2.378-81t 

Weight of engine in tons when at> 
,w()rk 3 

88 

09 

131-34 

Weight of tender in tons laden . . 

50-1(5 1 





Total weight iji tons of engine andl 
lendi'r at work 3 

I3S-1(5 

00 

131-34 

W'eiglit producing adlresion in tons . 

8ft 

09 

131-34 

Greatest load drawn in tons . . . 

(h)h 

m 

6r).5 

Speed regularly maintained in miles ) 


12' 1 


per hour in ascending incline . 3 

l*'-4 


* I'o this has to be added healing surface of sujierhoater 1110 square feet. 


AMERICAN LOCOMOTIVES. 

The American locomotives differ in several of tlieir 
features from those which arc employed in this 
country, and there is nearly always some special 
leature in the traffic, the fuel or the climate to warrant 
the distinction, and to render it judicious ; but the 
difference is not nearly so great as that which obtains 
in some of the continental locomotives. The fore part 
of the engine is usually supported upon a vSmall four- 
wheeled truck or bogie ; a large cone is placed around 
the chimney for catching the sparks, which are very 



PAUTICLiLARS OF FOREIGN L0C03I0TIVKS. 


153 


GOODS LOCOMOTIVES. 


I 


Orleans. 

Lyons. 

K.isO-tn of 
France. 

Western of 
f raiK-c. 

iScemmering. 

Turin. 

4 fdiiiilcd 
nxU's, '■ein- 
rale tt'iKlei. 

ntte tiiulrr. 

KuKerth 

4 cotiplt'il 
axles, st'pB 
rate tender. 

3 cotipled 

riite ttnd*-r. 

KitKcrih 
Kf.tr. d 

A cmlpled 

BXlflt. 

lU.iible and 
fi ( uiipled 

WrM 

17-71 

UffiS 

17-:i2 

lH-70 

l.^-98 

2 ' (1!) 

yrrW 

2 .v :>8 

2.3-02 

21 01 

21 -90 


fiilH 

492)0 

r,rrii 

41-92 

48-03 

m 

120 

129 

120-1 S') 

14G25 

117 

Il-J-.V! 

80‘34 

104-49 

80-11 

7.V35 

ir.7l5 

211 1-08 

! 

2022-09 

14 i2-:r) 

ir)71-.'»l 

2( 100-2.3 

2220 30 

1 1331 -42 1 

212G-r»8 

I.ViS^G 

1G4(! 80 

2 103- .Vi 

1) 2J 

1 81-4 

99 

72G 

91 -.Vi 

14.V2 

4('M.l 

1 44 

.Vi-S 

41 

f>7-2 


1371:S 

i':3-4 

1.^1•K 

iiG-r> 

118-72 

I4.V2 

i)7'24 

Kl-4 

99 

72-0 

J4H-72 

lla'i 

2..1 

122 

()00 

300 

2;»o 

l-iO 

ii-H 

9-3 

' 12-4 

i.vr) 

9-3 

0-30 

t T'o tills 1 

a.sfu be added heating surface of superheater 239 square feet. 


inconvenient when wood is burned. A sort of inverted 
saucer over the mouth of the chimney deflects tlie 
sparks downwards into this cone, whence they are 
drawn otf at intervals by a small door. The top of 
the cone is covered with wire gauze, to intercept any 
sparks which escape being driven out of the cone. In 
the front of the engine is an arrangement of bars of 
iron called a cowcatcher, for throwing any object off 
the line which may happen to be upon it; and this 
apparatus also acts like a snow plough, should snow 
have fallen on the line. Fig, 73 is a side elevation of 
a common form of American locomotive ; a is a shed 
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or covering for protecting the engine driver from the 
weather ; b is a bell which is rung when the engine 
approaches stations ; 0 is an inverted cone round the 
chimney to catch sparks from the furnace ; D, situation 
of cowcatcher ; E is the truck or bogie by which the 
fore part of the engine is supported ; and F is a lamp to 
gi ve light by night. The driving wheels are generally 
four in number, coupled together; they are commonly 
from 5 ft. to 5 ft. 6 in. diameter, or when great speed 
is required, they are 6 ft., and sometimes 7 ft. in 
diameter ; but it is almost the invariable custom to use 
four coupled wheels for all speeds. The coupled 
wheels are placed about 18 in. asunder; the hind 
pair is furnished with flanges, but the leading driving 
wheels are usually without flanges, and are commonly 
cylindrical, instead of being somewhat coned. The 
cylindrical wheels are said to wear much better than 
the coned, and to cause less oscillation. For working 
steep inclines, engines with eight wheels coupled, and 
from 2 ft. 6 in. to 2 ft. 9 in. diameter, are usually em- 
])loyed. These wheels are generally of chilled cast iron. 
It is usual to make the driving wheels of passenger 
engines with cast-iron centres and wroughl-iron 
tires, but sometimes the tires are of chilled cast iron, 
which is said to be better fitted to endure the frost. 
In the heavy engines employed in transporting coal 
on the Reading Railway, and which burn anthracite 
coal, there are eight coupled wheels of 43 in. diameter, 
and the cylinders are 19 in. diameter, and 22 in. 
stroke ; the boiler is 46 in. diameter, and contains 
103 iron tubes, 2 ^ in. external diameter and 14 ft. 
long ; the furnace is 7 ft. long, and the bars arc cast 
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in paira^ and are made moveable bj a lever> so that 
the clinker maybe readily broken up. The ash pan is 
made to contain a few inches of water, to prevent the 
bars from being burnt out. A good deal of the coal 
IS said to be wasted in these engines, from being 
carried up the chimney by the draught; and a good 
deal by falling through the bars of the grate. Upon 
the whole, anthracite coal cannot bo said to have been 
very successfully introduced in locomotives. It is 
severe upon the furnace, and the evaporating efficacy 
reached does not appear to have been more than 7 lbs. 
of water per pound of coal, which is a good deal less 
than is obtained with coke. 

There are generally no buffers between the engine 
and tender of American locomotives, but a wedge is in- 
terposed between the abutting surfaces to prevent 
shocks. In the various carriages of the train, central 
buffers alone are used. The wliistle is larger than that 
used on the English lines. Glass gauges are not found 
to stand, and four or five gauge-cocks are employed 
instead. The feed pumps have air vessels both on the 
drawing and forcing sidCvS. TJie link motion is in 
universal use. The axle boxes are usually made close, 
and are supplied with oil, and provid(*d with leather 
washers to keep the oil in. The boxes do not require 
to bo packed or oiled more than once a montli. The 
boxes are somelimes of bell-rnetal, sometimes of a 
composition of 92J parts of zinc and 7^ parts of 
copper, and sometimes are lined with, or wholly com- 
posed of, soft metal. 

To give toughness to the cast iron wheels, they 
r()quirc, after having been catt in a chill, to be annealed. 
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The wheels, tlicrefore, as soon as they are set, and 
while yet red hot, are transferred to pits which have 
been made very hot by anthracite fires. The pits are 
hermetically sealed, to prevent the admission of air; 
and after three days the wheels are taken out, wlien 
the annealing process is found to be completed. The 
annealing docs not affect the chilling of the tire, 
which is half an inch deep, as the operation of chilling 
takes place when the metal sets. It is necessary, 
however, with these chilled wheels to be careful 
not to apply the breaks too suddenly, so as to occasion 
slipping on the rails, as the friction takes out the chill 
at that spot and causes a flat soft place to form on 
the wheel, which destroys it altogether. Brake blocks 
of cast iron are used in some cases, and are found to 
be preferable to wood. The brakes are set by winding 
a chain in connection with them on an upright barrel 
having a handwheel at the top. In cases of (imerg<*n(‘y 
it has been proposed to work the brakes by a friction 
wheel wdiich may be instantly pressed down on the 
driving wheel of the engine. A cord is carried 
along the top of every carriage of the train to a large 
gong bell placed on the engine. This cord is formed 
in lengths equal to the length of a carriage, and the 
pieces arc connected together by metal snaps. A 
small shaft led along the top of each carriage witli 
square or triangular ends and sockets and universal 
joints ivould be an equally simple arrangement. It is 
not found practically in America that there is any 
trouble in connecting the cord to the new carriages 
when a change in the carriages takes place. 

The American railway carriages are of much larger 
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dimensions than those employed in this country. The 
bodies are commonly made about 45 ft. long, ft. 
wide, and 7 ft. high. The carriages are open from end 
to end, and at the end doors are placed, opening upon 
platforms protected by railings, and establishing a 
jjassage between one carriage and the next adjoining. 
From the platform stairs descend, by means of which 
passengers enter or leave the carriages. The seats 
are ranged on each side of a central passage ; and the 
backs of the seats are made to turn either way. On 
the roof of the carriages ventilators are placed ; and 
there is a stove to warm the carriage in winter, and a 
supply of drinking water. To ])reveut the dust from 
arising, a canvas curtain has be(;n introduced outside 
the wheels on some lines, extending from the carriage 
floor to the ground, whereby the dust is prevented 
from being sucked up by the motion of the train. In 
other cases jets of water propelled by a centrifugal 
pump, moved by a friction roller resting on one of the 
wheels, have been introduced in an air space on each 
side of the carriage, through which the air is ad- 
mitted ; and the air is thus cooled and freed from dust 
by the same operation. 

The carriage rests at each end on a truck or bogie, 
the wheels of which are as far apart as the distance 
between the rails, so that the plan of such a truck 
forms a square. India rubber springs have been tried, 
but the result has not been satisfactory ; and plate or 
volute springs are now usually employed. 

In all the American locomotives, the internal fire 
box is considerably smaller at the top than at the 
bottom, so that the sides are much inclined, whereby 
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the escape of the steam from the surface of the metal 
is facilitatcfl, and the overheating of the plate pre- 
vented. The fire boxes are almost universally of iron. 
The tubes of the boiler are generally of copper — few 
iron or brass tubes being in use, except that in engines 
using anthracite coal, iron tubes are used to diminish 
the wear caused by the hard particles of coal carried 
up by the draught, and which copper cannot so well 
withstand. Tlie general proportions of the American 
locomotives do not differ materially from those pre- 
vailing in England. On the whole, however, the blast 
pipes require to be smaller, and the draught more 
intense for engines burning wood, to maintain suffi- 
cient vividness of combustion ; and the disposition 
now is to place the tubes farther apart than formerly, 
as has been lung found in this country to be expedient. 
In some engines it has been found that an increased 
supply of steam was obtained by removing some of 
tlie central tubes ; and the tubes are never placed 
closer than | of an inch apart. 

Tliere is a separate blast pipe from each cylinder; 
and these pipes terminated at about the level of the 
lowest row of tubes. Suspended over these pipes, 
however, is a pipe entitled a ‘ petticoat pipe,’ about 
8 in. in diameter, which reaches nearly to the base of 
the chimney ; and this pipe being generally made 
conical, has a petticoat configuration. The object of 
this arrangement is to equalise the draught through 
the different rows of tubes, as when tljc blast pipe is 
carried up to the level of the top row of tubes, the 
greatest draught will be through them. 
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STANDARD FORMS OF ENGLISH LOCOMOTIVES — BROAD 
GAUGE ENGINES. 

The most powerful class of engines constructed for 
the broad g^auge is that of tlio Great Britain and 
Iron Duke, of wliich the main particulars are given 
at page 84 of niy * Catechism of the Steam Engine/ 
and of which a cross section is given in fig. 74. In 
this engine, the cylinders are 18 in. diameter and 24 in. 
stroke. The grate contains 21 sq. ft. of area, and there 
are 305 tubes of 2 in. diameter in the boiler. The 
total heating surface is 1,052 sq. ft., and a cubic foot 
of water may be evaporated in the hour by every 
5 sq. ft. of heating surface. An engine of this class 
will exert 750 actual horse-power. The pressure in 
the boiler is 100 lbs. per sq. in., and the initial pres- 
sure in the cylinder is about 10 lbs. less. But at 
high speeds the pres.sure in the valve box is greater 
than that in the boiler, which may be imputed to the 
momentum of the steam when its continuous flow is 
arrested by the shutting of the slide valve. At 60 
miles an hour, when the handle which moves the 
link was in the first notch, and the steam cut off at 
^ of the stroke, the back pressure, when the area of 
the blast orifice was /jrof the area of the piston, was 
36 per cent, of the total pressure ; and when the area 
of the blast orifice was enlarged to of the area of 
the cylinder, the back pressure fell to 10 }»cr cent. 

Tlie pressure upon the slide valve of tlie Iron Duke 
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was relieved by means of a balance piston connected 
with the back of the valve by means of a link. But 
in locomotives this method of construction has not 
yet be(m carried out in a satisfactory manner. For 
moderately-sized emgines it is ]>orhaps hardly re- 
quired, and a gridiron slide, which rtjduces the travel 
of the valve and correspondingly increases the 
l(*rerage available for working it, is probably a pre- 
forable expedient in most cases. Tlie benefit of 
taking off the pressure with a piston, instead of with 
a ring applied at the back of the valve as in marine 
engines, is that the valve is enabled to leave the face 
and let the Avatcr out of the cylinder if the engine 
should prime. But in the Iron Duke the pins at the 
ends of the link connecting the valve and piston were 
too small ; and in all engines employing this ex- 
pedient these pins should be very large so as to 
hav(3 atlequate surface, and proper arrangements 
should also be introduced for their lubrication. To 
this end a dose grease cup should be applied to the 
valve box with a side pipe to permit the steam to 
enter above the oil, so that the oil might gradually 
drip through the cock; and a suitable groove or shoot 
should be formed on the valve and piston to receive 
the drip of oil and conduct it to the joints in what- 
ever position the valve may be when the drop falls. 
The communication pipe between the top of the 
piston and the blast pipe should be large, so as to 
equalise the pressure between the steam in the ex- 
haust passage and that on the top of the piston, 
else the valve will leave the face when the exhaustion 
takes place. 

The steam Lb drawn from the boiler through a per- 
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forated steam pipe, and its admission to the cylinders 
is regulated by a gridiron slide set in the smoko box, 
and worked by a rod extending through the per- 
forated steam pipe to the front of the boiler. The 
damper consists of an arrangement of iron Venetians 
set against the ends of the tubes in tlie smoke box, 
each of which acts as a lianging^bridge in retaining 
the hottest smoke in contact with the tubes. Tliese 
Venetians are lifted or lowered by an appro}>riate 
handle, and the drauglit is thus regulated. The 
width between the rails on which the wheels of this 
engine run is 7 ft. 

JSI^arroiv Gauge JElngines — Lomlou ami North’- JVest- 
ern liailway. The type of express pjissengcr engi?n‘, 
employed on the London and North-Western Rail- 
way, and constructed at the Crewe Works, is repr(^- 
sciited in fig. 75, and the following are the ju'incipal 
dimensions of that engine : — Diameter of cylinder, 
16 in. ; stroke, 24 in. ; driving wheels, 7 ft. 6 in. dia- 
meter ; leading and trailing wheels, 3 ft. 6 in. dia- 
meter ; weight on leading wheels, 9 tons 8 cwt. ; 
weight on trailing wheels, 6 tons 2 cwt.; weight on 
driving wheels, 10 tons 10 cwt. — total weight, 27 ton.s ; 
heating surface of fire box, 85 sq. ft. ; heating .sur- 
face of 192 tubes, 1^ in. external diameter and 10 It. 
9 in. long, 915 sq. ft. (internal) ; total healing sur- 
face, 1000 sq. ft. 

The distance of the leading from the driving 
wheels is 7 ft. 7 in., and the distance of the trailitjg 
from the driving wheels is 7 ft. 10 in. — making the 
length of the wheel base 15 ft. 5 in. The tender 
carries 2 tons of coal and 1,500 gallons of water, and 
in 2 
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Express Passenger Engine. London and North Western Railway, I8C5. 
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its weight laden is 17 tons 8^cwt. It runs on six 
wheels of 3 ft. 6 in. diameter. 

This form of express engine, designed by Mr. Rams- 
bottom, may be taken as representing the most ap- 
proved form of construction in that class of locomo- 
tives in 1865. The arrangements are characterised 
by much simplicity and elegance ; but their nature is 
made so clear by the drawing that it is unnecessary 
further to describe them. 

Supplying Water to Tenders while running. Mr. 
Ramsbottom has contrived an apparatus which, by 
enabling locomotive tenders to take in water while 
running, obviates the necessity of such numerous stop- 
pages as were necessary heretofore. This apparatus, 
represented in figs. 76 and 77, consists of an open 
trough of water, lying longitudinally between the 
rails at about the rail level, and a dip-pipe or scoo)) 
attached to the bottom of the tender, with its lower 
end curved forwards and dipping into the water of the 
trough, so as to scoop up the water and deliver it into 
the tender tank whilst running, along. 

The water trough A of cast-iron, 18 in. wide at 
top by 6 in. deep, is laid upon the sleepers between 
the rails at such a level that when full of water the 
surface of the water is 2 inches above the level of the 
rails. The scoop b for raising the water from the 
trough, is of brass, with an orifice 10 in. wide by 2 in. 
high; when lowered for dipping into the trough, its 
bottom edge is just level with the rails and immersed 
2 in. in the water. The water entering the scoop 
B is forced up the delivery pipe c, which discharges 
it into the tender tank, being turned over at the top 
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SO as to prevent the water from splashing over. The 
scoop is carried on a transverse centre bearing d, and 
when not in use is tilted up by the balance weight e 
clear of the ground. For dipping into the water 
ti ough it is depressed by means of the handle f from 
the footplate, which requires to be held by the engine- 
man as long «‘is the scoop has to be kejd down. 

The upper end of the scoop b is shaped to the form 
of a circular arc, as is also the bottom of the delivery 
})ipe c, so that the scoop forms a continuous prolonga- 
tion to the pipe when in the position for raising 
water. The limit to which the scoop is depressed 
by the handle F is adjusted accurately by set screws, 
which act as a stop and prevent the bottom edge of 
the scoop being dcjjressed below the fixed working 
lev(d. The set screws also atlbrd the means of ad- 
justing the scoo]) to the same level when the brasses 
and tires of the tender have become reduced by 
wear, causing the level of the tender itself to be 
lowered. Tlie orifice of the scoop is made with its 
(‘(Iges bevilled oil' sharp, to diminish the splashing ; 
and the top edge is carried forward 2 or 3 in. and 
turned np with the same object. 

Tlie water trough a is cast in lengths of about 6 ft., 
so as to rest ujion eacli alternate sleeper, and is fixed 
to the sleepers, tlie height being adjusted by means of 
wood packing. The ends of each length are formed 
with a sliallow groove, in which is inserted a strip 
of round vulcanised india-rubber, to make a flexible 
and watertight joint, the metal not being in con- 
tact ; this iiK'ets all the disturbances arising from 
expansion, soltleinent of road, and vibration caused 
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by the passage of trains. The length of trough now 
laid on the Chester and Holyhead Railway near Con- 
way is 441 yds. on the level ; and at each end the 
rails are laid at a gradient of 1 in 100 for a further 
length of 16 yds., the road being raised for that pur- 
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pose, so that the summit of the incline is 6 in. higher 
than the level portion: the trough is tapered off in 
depth to a bare plate, so that the same thickness of 
wood packing serves for fixing it throughout tlie 
entire length. The portion of the line where the 
trough is fixed is a curve of 1-mile radius, and the 
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outer rail is canted 1 in. above the inner, the wood 
packing being made taper for fixing the trough 
horizontal ; but the cant does not interfere with the 
efficient action of the scoop on the tender, since it 
amounts to only I in. on the 10 in. width of scoop. 


F/g. 77. 



.>op FOR Kunninu LoCOMOlIVliS. 

At each extremity of the water trough is an over- 
flow pipe, limiting the height of water in the trough. 

The trough contains 5 in. depth of water, and the 
scoop dips 2 in. into the water, leaving a clearance of 
3 in. at the bottom of the trough for any deposit of 
ashes or stones. The trough is so constructed as to 
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present no obstruction to be caught by any loose 
couplings or drag-chains that may be hanging from 
the trains passing over it ; and experiments have 
been tried with a bunch of hook chains and screw 
couplings hanging down behind the tender and 
dragged along the trough without any damage oc- 
curring. 

As to any difficulty from ice, a thorough trial has 
been afforded by severe winters ; and by means of a 
small ice plough, which was run through the trough 
by hand each morning, the coating of ice was re- 
moved from the surface of the water, and no more 
was formed afterwards excepting a film so thin that 
it was removed by the scoop itself in passing through 
the trough, without being felt at all. It has indeed 
been shown, that the continuance of this action with 
the succession of trains in ordinary working would 
be sufficient in this climate to prevent the formation 
of any ice thicker than could be readily and safely 
removed by the passage of the scoop alone, even 
during the severest seasons. 

The principle of action of this apparatus consists 
in taking advantage of the height to which water 
rises in a tube, when a given velocity is imparted to 
it on entering the bottom of the tube ; the converse 
operation being carried out in this case, the water 
being stationary and the tube moving through it at 
the given velocity. The theoretical height, without 
allowing for friction, &c., is that from which a heavy 
body has to fall in order to acquire the same velocity 
as that with which the water enters the tube. Hence, 
since a velocity of 32 ft, per second is acquired by 
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ialling through 16 ft., a velocity of 32 ft, per second, 
or 22 miles per hour, would raise the water 16 ft. : 
and other velocities being proportionate to the square 
root of the height, a velocity of 30 miles per hour 
would raise the water 30 ft. very nearly (a conve- 
nient number for reference), and 15 miles per hour 
would raise the water ft— half the velocity giving 
one quarter the height. In the present apparatus 
the height that the water is lifted is 7| ft. from the 
level in the trough to the top of the delivery pipe in 
the tender, which requires theoretically a velocity of 
15 miles per hour; and this is confirmed by the 
results of experiments witli the apparatus : for at a 
speed of 15 miles per hour the water is picked up 
from the trough by the scoop and raised to the top 
of the delivery pipe, and is maintained at that height 
whilst running through the trough, without being 
discharged into tl>e tender. 

Tiie theoretical maximum quantity of water that 
tlie apparatus is capable of lifting is the cubic con- 
tent of the chan cl scooped out of the water by the 
mouth of the scoop in passing through the entire 
length of the trough; this measures Win, width by 
2 in. depth below the surface of the water in the 
trough, and 441 yds. length — amounting to 1,148 gals, 
or 5 tons of water. TJie maximum result in raising 
water with the apparatus is found to be at a speed of 
about 35 miles per hour, when the quantity raised 
amounts to as much as the above theoretical total ; so 
that, in order to allow for the percentage of loss that 
must unavoidably take place, it is requisite to measure 
the effective area of the scoop at nearly the outside 
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of the metal, which is ^ inch thick and feather- 
edged outwards, making the orifice slightly bell- 
mouthed and measuring at the outside lOj^ in. by 
2| in. ; this gives 1,356 gallons for the extreme theo- 
retical quantity. By experiment it appears that the 
variation in the quantity of water delivered is very 
slight at any speed above 22 miles per hour, at which 
nearly the full delivery is obtained ; the greater ve- 
locity with which the water enters at the higher 
speeds being counterbalanced by the reduction in the 
total time of action whilst the scoop is traversing the 
fixed length of the trough. It also appears that at 
any speed above that which is sufficient to discharge 
the water freely from the top of the delivery pipe, all 
the water displaced by the scoop is practically picked 
up and delivered into the tender. In these expe- 
riments the water level was maintained the same in 
the trough each time by keeping it supplied up to the 
overflow orifice at each end ; and the scoop was 
lowered to the same level each time by means of the 
set screws, the height of the tender itself being main- 
tained practically the same in each case. 

The construction of this apparatus was pressed 
upon Mr. Ramsbottom by the accelerated working of 
the Irish Mail, the arrangements connected with 
which made it necessary that the train should run 
from Chester to Holyhead (a distance of 84 J miles) in 
two hours. A supply of 2,400 gallons of water is 
found to be required for this journey in stormy 
weather, and it became necessary, therefore, either 
very much to enlarge the tender tanks, or to intro- 
duce an arrangement under which the tender could 
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take up water while running. The latter expedient 
was preferred, and it has now been matured and 
utilised with complete success. 

Goods Engines — Glasgow and South- Western 
Railway, The most recent form of goods engine, con- 
structed by Messrs. Hawthorn of Newcastle for the 
Glasgow and South-Western Railway, is represented 
in Jig, 78. The following are the main particulars of 
that engine : — Diameter of cylinder, 1 6 in. ; stroke, 
22 in. ; area of fire grate, 13*33 sq. ft. ; heating sur- 
face of boiler, 930 sq. ft. ; sectional area through tube 
ferrules, 1*986 sq. ft. The tubes are brass of 12-wire 
gauge at fire-box end, and 14- wire gauge at smoke- 
box end, fixed with steel ferrules at fire-box end only. 
Barrel of boiler 4 ft. diameter, and made of plates 
/jyths thick. The leading and driving wheels are 
oft. diameter coupled, and have tires of cast steel. 
The trailing wheels are 3 ft. 6 in. diameter, and have 
tires of the best Yorkshire iron. This class of 
engines has inside bearings only to all the axles, and 
the boiler is supplied with water by one of Giflard’s 
No. 8. injectors. 

Coupled Passenger Tank Engine — London^ Chat- 
harny and Dover Railway, This engine, also con- 
structed by Messrs. Hawthorn, is represented in Jig. 
79, and its principal dimensions are as follows : — 
Diameter of cylinders, 15in. ; stroke, 22in. ; area of 
fire grate, 15*75 sq. ft. ; heating surface of boiler, 
906 sq. ft ; area through tube ferrules, 1*963 sq. ft. 
The tubes are brass, of 9-wire gauge at the fire- 
box end, and 13-wire gauge at the smoke-box end, 
and are fixed at each end with malleable cast-iron 
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Goods Enoitie Glasgow and South Wesiebn Railway. 
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ferrules. The barrel of the boiler is 3 ft. 9 in. dia- 
meter, and is made of x^th plate. The leading 
wheels are 3 ft. 6 in. diameter, and the driving and 
trailing wheels are 5 ft; 6 in. diameter coupled. All 
the wheels have cast-steel tires. These engines have 
both outside and inside frames, and the boiler is 
supplied with water bj two of Giffard’s No. 8 
injectors. 

Coupled Express Passenger Engine — Great North- 
ern Railway, This engine, also constructed by 
Messrs. Hawthorn, is represented in fig, 80. The 
chief dimensions are as follows; — Diameter of cy- 
linders, 16^ in. ; stroke, 22 in. ; area of fire-grate, 
14*92 sq. ft. ; heating surface, 982 sq. ft. ; sectional 
area through tube ferrules, 2*01 sq. ft. The tubes are 
of brass of 9-wire gauge at fire-box end, and 13-wire 
gauge at smoke-box end, fixed at each end by steel 
ferrules. The leading wheels are 4 ft, diameter, and 
the driving and trailing wheels of 6 ft. Gin. diameter 
coupled. These engines have both inside and out- 
side framing. 

Goods Engine — Copiapo Extension Rail way, TI i i s 
engine, represented in fig. 81, and also constructed by 
Messrs. Hawthorn, is somewhat on the American 
model, and it is intended to be capable of burning 
either wood or coal. The cylinders are outside cy- 
linders of 16 in. diameter, and 24 in. stroke. The 
area of fire-grate is ]5*77sq. ft. ; area of heating 
surface, 1,102 sq. ft. ; and sectional area through tube 
ferrules, 2*147 sq, ft. The tubes are of brass of 11- 
wire gauge at fire-box end, and 14-wire gauge at 
smoke-box end ; fixed in with steel ferrules to every 
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LOCOMOTIVE FOR TROPICAL COUNTRIES. ITT 

tube at fire-box end, but with only every sixth tube 
iVrruled at smoke-box end. The barrel of the boiler is 
4 ft. 2 in. diameter, formed of plates thick. The 
fire end of the engine is carried on a four-wheeled 
bogie or truck, with wheels of cast-steel 2 ft. 6 in. 
diameter; and there are three pairs of driving wheels 
all coupled, made of malleable iron and fitted with 
steel tires. There is also a spark-catcher on the 
chimney, of the kind usual in locomotives where wood 
is burned. These engines are all fitted to work 
with a pressure of steam in the boiler of 130 lbs. on 
the sq. in. ; and, with the exception of the Great 
Northern engine, they all burn coal. Their symmetry, 
simplicity, and excellent proportions furnish a re- 
markable contrast to some of the continental engines, 
and do great credit to the persons concerned in their 
production. The ponderous class of engines called 
Crampton*s engines, at one time employed in this 
country, has now gone out of use. Their great 
weight was found to be very injurious to the rails. 

DETAILS OF MODERN LOCOMOTIVES. 

Cylinders, It is very material that the cylinders 
and valves should be made of as hard metal as possible, 
as the hardness of the metal will mainly determine the 
durability. Sometimes valves will run only twelve 
months before requiring to be renewed, and they re- 
quire to be refaced at the end of six months. But 
Stephenson’s engines run four years, and have been 
known to run as long as seven years, without requiring 
material repair. The metal of the cylinders is so hard 
that a file will scarcely touch it. 

n 
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The cylinders should always be directly connected 
with the frames of the locomotive, so as to discharge 
the whole strain upon them without communicating 
it to the boiler, as is the case when the cylinders are 
fixed to the boiler. Inside cylinders are cast in two 
parts, and are jointed by being scraped to an even 
surface. The joining surfaces should make a good joint 
by being greased with tallow and bolted together. 
I'lie cylinders are formed with flanges for attaching 
them to the frames, and those flanges are planed 
])arallel to each other : they are formed with a ledge on 
each side to rest on the edge of the frame, and are each 
bolted to the frame by twelve |-in. bolts. When outside 
cylinders arc employed, they are bolted in the same 
iiianner to the outside and inside frames. The valve 
casing is cast on the cylinder. The area, of the stoum 
ports is in some cases one-ninth, and in other cases one- 
twelfth or one-thirteenth of the area of the cylinder, 
and the eduction port one-sixth to one-eighth of the 
area of the cylinder — proportions which allow, at mean 
speeds of 25 to 30 miles per hour, a pressure little 
difturent from that of the steam in the steam pipes to 
exist. For higher speeds the ports should be larger in 
proportion. The valve casing is covered with a door, 
wliicli can be removed to inspect the valve or the 
cylinder fiice. Some valve casings have covers upon 
their front end as well as on their top, which admits 
of the valve and the valve bridle being more readily 
removed. 

The valve stuflB.ng box is commonly made to receive 
from 2 to 3 in. of hemp packing. The best form of 
valve casing to afford access to the faces is formed 
n 2 
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with a large cover underneath the cylinders, and with 
wrought iron end covers. The end covers can be 
easily taken off, and in case the cylinder faces have to 
be removed or filled up the large cover can be taken 
off, and the faces are then easy of access. With this 
form of chest the cylinders may be cast together in 
one piece. All the joints about the cylinders are 
made metal to metal. The cylinder barrel is J to in. 
thick, and the flanges are 1 J in. thick, finished size. 
The cylinder and valve chest covers, when of cast metal, 
are from | to 1 1 in. thick, and the bolts are from J to 
1 in. diameter, pitched from 3^ to 5 in. asunder. The 
thickness of the valve chest is to :Jin. The cy- 
linders are joined together by 1-in. bolts from 5 to 
6 in. apart. Slide valves have been made of cast iron, 
and they wear longer than brass; but brass is to be 
preferred, as it does not wear the cylinder’s face so 
much. The body of the valve should be f to ^ in. 
thick, and the face l:yin., although some valves are 
as little as in. thick in the face. The exhaust cavity 
should be about 2^ in. deep, and well rounded off, so 
as to give a free exhaustion. The end of the valve 
rod should be forged in the form of a square ring or 
frame, into which a large square projection on the back 
of the valve fits. This ring should have a good broad 
bearing surface, so as to lessen the chance of wearing 
loose. A cock is still placed at each end of the cy- 
linder, to allow the water to be discharged, which 
accumulates there; and the four cocks of the two 
cylinders are connected, as heretofore, so that by 
working a single handle the whole are opened or 
shut at the same time. A cock is also sometimes fitted 
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to each of the covers of outside cylinders with the 
end formed into a swivel joint, so as to admit of being 
turned upwards to allow melted tallow and oil to be 
poured through it with the cylinder. But on the whole 
it is now judged preferable to use an apparatus which 
will feed the tallow to the cylinder continuously. A 
good deal of saving in tallow is accomplished by this 
apparatus, and the pistons are kept in better order. 
The valve faces are supplied with grease by oil cups, 
one on each side of the smoke box, provided with double 
cocks, so that a supply of oil may be admitted during 
the time the engine is at work. But here also it is desir- 
able that the supply should be continuous. 

Pistons and IHston Rods^ Piston rods are some- 
times made with a disc forged on one end about 
3 in. thick and 6 in. diameter, a recess being bored 
out in the piston to receive the disc. The body 
of the piston is slipped down upon the rod until 
it encounters the disc, to which it is made fast with 
four J-in. or ^-in, rivets. Sometimes the rod is only 
tapered into the piston and cuttcred. The piston is 
made of cast iron or brass, but generally the latter, 
which is preferable to cast iron, as it docs not so 
easily break under the action of priming and loose 
bolts, and it is also lighter. The thickness of the metal 
in the body for cast iron is f to f in., and for brass 

I in. The thickness round the hole into which the 
rod is cutteredis l-Jrin. for brass, and for cast iron 1^- 
in. The total breadth of the piston is from 2 to 4^ 
in., and the cutters are If to l|in. broad, and | in. 
thick, tapering f in. per foot. The rings are from | to 

II in. broad, and -J in. thick. For soft cylinders brass 
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piston rings are best, but for hard cylinders cast iron 
rings wear very smooth and require less looking at. 
On the London and North-Western Railway and on 
some other lines a wrought iron piston is used, the 
rod and piston being forged in one piece. The piston 
is recessed on the circumference to receive the packing 
rings, of which there are two for a 16-in. piston. 
These rings are formed of brass, and one is placed 
in each recess or groove. Under each ring there is 
a steel hoop ^ in. thick, of the same breadth as the 
packing ring, which is ^ in. broad and in. thick The 
depth of the recesses is f in., and the thickness of 
the piston at that part is ^ to in. The total breadth 
is 2J- and 2^ in., and the ends of the piston are 
recessed, so as to leave the body IJ in. thick. The 
brass rings are formed in two parts, and jointed with 
tongue pieces I in. thick. The steam is admitted 
behind the ring through fV^n. holes drilled in the 
back. The top of the piston rod is secured by a cutter 
into a socket with jaws, through the holes of which a 
crosshead passes, which is embraced between the 
jaws by the small end of the connecting rod, while 
the ends of the crosshead move in guides. The cross- 
head is made of wrought iron, and the piston rod is 
tapered where it joins the crosshead at the rate of 
about 1 in 30, and is secured by a cutter ^ to 
I- in. thick, and 2 in. broad, tapering to 1^ in. The 
crosshead is placed transversely to the guide bars, 
and is from to 3|- in. in diameter at the part 
where it enters the guide blocks. The feed-pump rod 
joins the crosshead outside the guide blocks. A good 
form of locomotive piston is shown in 82, 83, 
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and 84, which also show the piston rod, crosshead, 
and guide blocks. The piston rod, it will be seen, is 
formed in the same piece with the piston. The 
packing rings are formed in two tiers, breaking 
joint with one another ; and they are pressed out by 
springs, tightened by screws passing through the 
body of the piston. The cylinder bottom has a pro- 
jection upon it to fit the recess in the piston, whereby 
waste of steam is prevented. 

Guides, Most makers still attach their guides at 
one end to a cross stay, and at the other end to lugs 
upon the cylinder cover; and they are made stronger 
in the middle than at the ends. Some guide bars 
are grooved out to a depth to 1 in., being flat at the 
bottom, but wider at the top than at the bottom — the 
sides of the groove being sloped. The guide blocks 
are of brass ; and in wearing down they maintain their 
position in the groove. This mode of construction 
prevents side play, such as occurs with flat bars and 
blocks with lateral flanges. Guides are best when 
made double, so as to admit a single-ended connecting 
rod. The guide blocks are commonly from 9 to 
10 in. long and 3 in. broad, with ^-in. flanges in the 
case of flat bars. They are made of cast iron chilled, 
or wrought iron steeled. Sinclair uses cast iron for 
both blocks and bars, and it is said they wear well if 
properly attended to. I have also used the same in 
marine engines with the piston travelling 700 ft. per 
minute. Solid steel bars and brass blocks run well 
together. The bars are from 1 ^ to 2 in. thick at the 
middle, tapering to 1 or 1^ in. at both ends, and 
from 2^ to 3 in. broad. They are generally fixed at 
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one end to the cylinder cover, and at the other end to 
brackets bolted or rivetted to the motion plate by two 
I “inch bolts or rivets. An example of the ordinary 
kind of guide bars is given in Jigs, 85 and 86 : — 


Figs. 85 and 86. 
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GUIDB-BARS OF LOCOMOTIVES. 


Link Motion, The link motion proper for loco- 
motives resembles the link motion as applicable to 
marine engines, of which I have already given ex- 
amples. The valve spindle is from to in. dia- 
meter, and works through a stuffing box at each 
end of the valve chest. The end which is connected 
with the link motion is sometimes coupled to a square 
guide, which works in a socket fixed to the guide bars, 
and in outside cylinders to the side of the frame. 
On the end of the spindle is a socket secured by a 
cutter and jointed to a connecting rod | to 1^ in. 
thick, and 2 to 3 in. deep, which is, in most cases, 
suspended by a link from the boiler bottom and has 
a forked end, between which the motion or slotted 
link works. To each end of the slotted link an 
eccentric rod is coupled by a l|-in. pin. The other 
end of the eccentric rod is attached to the eccentric 
strap ; iind thus the valve derives its motion, in the 
manner explained elsewhere. An example of the 
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slide valve and link motion, as usually applied in 
modern locomotives, is given in figs, 87, 88, and 89. 
In this view the valve is shown at the one end of the 
valve rod and the link at the other. To the ends of 
the link the eccentric rods are attached. The end of 
the valve rod nearest the link is sustained in its 
position by a short supporting link; but a guide 
would be better, as the versed sine of this link will 
distort the motion. The end of the valve rod joins 
the block which is placed within the link, and dc" 
rives its motion from it. 

Eccentrics and Eccentric Rods, In fig, 90 we have 
an example of the eccentric strap and rod of a modern 
locomotive. The eccentric is put on in two pieces 
secured together by cutter bolts ; and it is secured 
on the axle by a key and also by two screw' bolts 
penetrating a short distance into the axle. In Sin- 
clair’s Rouen Engines with straight axles the four 
eccentrics were cast in one piece. 

Sometimes eccentrics are made of wrought iron, 
and are steeled by case-hardening. Generally the 
smaller half of the eccentric is now made of malle- 
able iron, though the larger half may be made of 
cast iron. When thus formed the weakest part is 2 
in. thick. If the eccentric be wholly of cast iron, 
it should be 1^ in. thick in the weakest part. In ad- 
dition to a pinching screw it should be secured by a 
key, let in. into the shaft, and \ in. into the eccen- 
tric. Most eccentrics have square grooves turned on 
the edges, into which fits a corresponding internal 
6ango on the hoop or brass. The ordinary form of 
eccentric and hoop is shown in fig, 90, 
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Fig. 90. 




Locomotive Eccenthic with Eccentric Strap and Rod. 


Mineral LocomotiveSm A class of locomotives is 
employed at collieries, and to carry iron ore and other 
minerals, of a cheaper construction and a smaller size 
than the common locomotives. At the Great Exhi- 
bition in 1862 , Messrs. England & Co. exhibited an 
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engine with 11-in. cylinders, six wheels — four of them 
coupled — of 4 ft. diameter, and with 153 tubes If in. 
diameter in the boiler, Messrs. Manning, Wardle 
& Co. of Leeds exhibited a colliery locomotive with 
9-in. cylinders, four wheels coupled, of 2 ft. 9 in. 
diameter, and 55 tubes of 2 in. diameter in the boiler ; 
the area of the grate being 4*9 sq. ft., and the pressure 
of steam 1 20 lbs. per sq. in. The Neath Abbey Iron 
Company exhibited a locomotive adapted for running 
on a gauge of 2 ft. 8 in. It had 8-in. cylinders, four 
coupled cast-iron wheels of 2 ft. 4 in. diameter, and 
59 tubes in the boiler, l^in. diameter and 6 ft. long. 
The area of grate was 3*5 sq. ft., the total area of 
heating surface 181 sq. ft., and the weight 6 tons 
17 cwt. With steam of 66 lbs. pressure it could draw 
12 waggons, each weighing 4^ tons, at a speed of 
8 miles an hour. 

A very good example of a mineral locomotive 
engine is represented in Jig, 91, which is a form of 
mineral tank locomotive engine, constructed by 
Messrs. Fletcher, Jennings & Co. of Whitehaven, 
who have devoted themselves to the special manu- 
facture of this class of engine. In this engine the 
valve gear is worked from the foz’e axle so as to 
enable the hind axle to be got under the fire box, 
and thereby reduce the overhanging weight. The 
water is carried in tanks beneath the foot plate and 
under the barrel of the boiler. Messrs. Fletcher, 
Jennings & Co. have constructed numerous engines 
of this class for gauges of 2 ft. 3 in., 2 ft. 8 in., and 
2 ft. 10 in., which are common gauges of the rail- 
ways conveying minerals from the Welsh mines. 
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Mineral Tank Locomotive, by Fletcher, Jennings and Co., Whitehaven 


EXAMPLE OF AN ICE LOCOMOTIVE. 
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Locomotive for Running on Ice, Fig, 92 repre- 
sents a locomotive for running upon ice, constructed 
by Messrs. Neilson of Glasgow, and reported to have 
been successfully employed in conveying goods and 
passengers on the Neva between St. Petersburg and 
Cronstadt during the winter months. The front part 
of the engine rests on a sledge, which is capable of 
being moved round a centre by a pinion gearing 


Fig. 92 



Locomotive for Running upon Ice, by Messrs. Neilson op Glasgow. 


into a segment, and worked by the steering wheel 
shown at the front, which gives motion to an endless 
screw gearing with a suitable wheel, which turns the 
spindle of the pinion round with great force ; and 
by swivelling the sledge — which, however, would be 
better done by a small engine — the machine is steered. 
The after part of the engine rests upon two driving 
v\ heels 5 ft. diameter, the peripheries of which are 
studded with steel spikes to grip the ice. The cylin- 
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flers are of 10 in. diameter and 22 in. stroke. The 
weight of the engine is 12 tons, and it realises a speed 
of 18 miles an hour. It will be proper in such an engine 
to apply a shelving edge on each side of the sledge, 
so that its swivelling may not be prevented by sink* 
ing somewhat into the ice or beaten snow ; and to the 
same end the swivelling gear should be powerful and 
under easy and rapid control under the worst circum- 
stances likely to occur. In Russia and in Sweden 
extensive lakes and other tracts of water, being frozen 
in winter, are available for the application of such an 
apparatus. But in some of the lakes there are w*arm 
springs which create holes in the ice ; and the desi- 
deratum to be aimed at is to render available the 
little vessels which ply in summer for plying also in 
winter by mounting them on a sledge, as was pro- 
posed by me to be done for some lakes in Sweden in 
1847. 

Locomotives for Common Roads, The rapid ex- 
tension of railways in this country has nearly super- 
seded the necessity of employing steam carriages on 
common roads, which at one time app<^arcd likely to 
be extensively introduced. But in other countries 
not possessed of the same highly-developed system of 
locomotion the use of steam traction on common roads 
is still very important. In 1843 I described in the 
‘ Artizan * an arrangement whereby the power of the 
engine of a common road locomotive might be com- 
municated to the wheels without interfering with the 
free action of the springs ; and ever since 1847, when 
I first went to India, I have continued to urge the 
employment of suitable locomotives upon the great 



TRACTION ENGINES FOR COMMON ROADS. 193 


roads of that country. In 18G2, being then at 
Lahore, and tinding that there was one of BoydeU’s 
traction engines at Bombay, wliich had been sent out 
for the government, but had never been used, 1 pur- 
chased it and had it conveyed to Moultan, and it 
went under steam from thence to Lahore, a distance 
of about 200 miles, over one of the worst roadvS in 
India. This journey, however, owing to exceptional 
circumstances, vv%‘is not accomplished without consi- 
derable difficulty. From lying so long at Bombay, 
the woodwork of tlie slioes had become rotten, and 
the shoes had consequently to be taken off altogether 
on the road, when tlie engine sank in the soft ground ; 
and it had in several instances to bo extricated with 
considerable difficulty. I found, moreover, that special 
provision required to bo made on many points to make 
the engine suited for such roads, which are not only 
filled with ruts and soft, but in summer are deep in 
dust, and during the inundations deep in mud. The 
dust, during the journey I referred to, rose over the 
surface of the shoes, and was lifted up by them and 
scattered in the air ; and each spoke of the wheel acted 
as a scoop to lift up the dust and precipitate it over 
the engine. Tiie evils presented by such difficulties, 
however, are not insuperable, but they indicate the 
necessity of covering over every working part of the 
engine so effectually that dust cannot enter, and also 
of not trusting to wood at all in such a climate in the 
construction of any of the parts. The shoes, or rather 
pattens, should be formed of wrought iron or steel 
boxes, 6 in. deep ; and I think it would be preferable 
to have their movements governed by a central cam 
o 



194 RECENT IMPROVEMENTS IN THE STEAM ENGINE. 


or eccentric, as in a feathering paddle-wheel, instead 
of leaving them to assume their respective positions 
from the action of gravity alone. The geared wheels 
and pinions should be formed of steel, as also most of 
the parts of the engine should bo, to reconcile light- 
ness with strength. 

Boydell’s engine is represented in jig, 93. It re- 
sembles a locomotive, the fore wheels of which are 
made to swivel by proper steering gear ; and the main 
part of the weight is carried on the driving wlieel, 
which is encircled by a series of boards called an 
‘ endless railway,’ which successively place themvSelves 
on the ground in advance of the wheel, and the wheel 
then passes over them without sinking in the ground. 
In fact they act on the principle of the snow shoe in 
giving area proportionate to the softness for sus- 
taining the weight. No doubt improvements in the 
details of these engines may be suggested; hut the 
]>rinciple is sound, and the niodiii cations required to 
adapt them to conditions, such as obtain in an exotic 
country like India, cannot be anticipated by manufac- 
turers at home, but must be indicated by persons on 
the spot who are determined to make the engines 
answer, instead of searching for some petty pretext to 
justify their condemnation. In connection with the 
movements of the array in India, such engines would 
be of signal value, to say nothing of the operations of 
agriculture ; and the time has now come when the 
rise in the value of labour in India and the increasing 
demand for Indian produce — coupled with the im- 
provements in steam cultivation at home — must open 
the doors of that great country, heretofore and even 
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yet sealed up by the narrow policy of an exclusive 
oligarchy — now changed rather in name than in fact 
— and present a new field of effort and of emolument 
to the enterprise of the British engineer. No country 


Ftp. 93 . 



Eovdell’s Traction Engine. 

in the world is better suited than India for the applica- 
tion of steam cultivation. It consists in great part of 
vast alluvial plains, which may be mapped out into 
any shape judged suitable for steam culture ; and as, 
with irrigation, three crops in the year may be 
calculated on, the apparatus may bo kept in almost 
constant use for ploughing, or reaping, or threshing. 
Fuel is scarce in some parts, but may easily be 
clieapened by planting trees of rapid growth. 

Bray's Traction Engine, This engine, which 
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prevents sinking by using wide 'wheels, and prevents 
slipping by causing short spades to project at pleasure 
fx'om the surface of the driving wheel by means of an 
eccentric on the driving axle, is represented in its 
original state in Jig, 94 ; but tlie Company has since 
availed itself of the abilities of Mr. Clark in the pro- 
duction of a more perfect engine, which has now 
more of the locomotive type about k than before. 

In Aveling’s Patent Traction Engine, ^( 7 . 95, manu- 
factured by Messrs. Aveling & Porter of Rochester, 
Ihcre is a single cylinder surrounded by a steam jacket, 
which is in direct communication with the boiler b}" 
means of steam ways or orifices made in the top of 
the boiler. There will be little tendency to prime 
in this engine, as the cylinder is brought to the 
forward part of the engine, and on ascending inclines 
the cylinder is necessarily fed with dry steam ; while, 
in descending, little steam is required. By this ar- 
rangement the use of steam pipes either inside or 
outside the boiler is dispensed 'v\dth. Engines with 
single cylinders and reversing gear, connected to the 
driving axle by chain gear, have proved themselves 
to be perfectly efficient. They are less complicated, 
and on the whole are better adapted for general 
traction purposes tlian engines with double cylinders. 

The working parts are housed in from the influence 
of the weather. The toothed gearing is also covered 
with light iron splashers. The propelling gear 
consists of a pinion at each end of the crank shaft 
(either of which can be thrown in and out of gear 
with tlie spur wheel below by sliding it along a 
feather on the crank shaft) working into spur wheels 
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on a counter shall below. On this shaft is a chain 
pinion with chilled teeth, to take in a pitch chain 
made of wrought iron links with steel pins. In the 
brackets carrying the shaft there are curved slots, 
struck from the centre of crank shaft above, for taking 
up the slack of the endless driving chain. These 
pinions are kept in the positions required by means of 
a simple clip of spring steel embracing the shaft, and 
lined with leather. The adjustment for taking up 
tJie slackness of the chain is effected by the brass 
bearings carrying the shaft being kept up in the slot by 
a block at the bottom of each. There is another cast 
iron block above, lying on the bearing, and kept down 
by a set screw. When the chain has to bo shortened, 
the thinner block below is taken out, and the thicker 
one above is substituted in its stead. The brass step 
is thus fixed in a perfectly firm and solid adjustable 
bearing. The gearing is connected to the driving 
wheels by means of the endless chain, passing round 
the chain pinion on the counter shaft and a large 
chain wheel keyed on the axle. The driving wheels 
are 6 ft. 6 in. diameter ; on the fiice of the wheels is 
an outer tire, parts of which may be removed and re- 
placed by angle iron paddles or clips, for use in 
passing over soft and yielding ground. 

The boiler is carried through from end to end, 
without any break in the configuration, whereby the 
use of angle iron is dispensed with. The stay bolts 
of the fire-box arc pitched 41 in. from centre to centre. 
The fire-box is adapted for burning wood or coal fuel. 
The water for feeding the boiler is carried in a tank 
made of wrought iron plates and bolted to the side 




200 RECENT IMPROVEMENTS IN THE STEAM ENGINE. 

plates of the fire box, which are carried out for this 
purpose. The draw bar is formed of t iron, the ends 
of which are returned, or bent back, and bolted to 
the wrought iron side plates of the tank. 

The steerage is efiFected by a single disc wheel 
carried on the lower end of a vertical spindle, sup- 
ported in a collar-bearing on the front end of a pair 
of angle iron shafts secured to the fore carriage of 
the engine. The upper end of the vertical spindle is 
provided with a lever -handle extending back towards 
the steersman, who is seated between the shafts at 
the front end of the engine. This engine is capable 
of ascending inclines of 1 in 12, with a load of 20 
tons, and with 8 tons will ascend an incline of 1 in 6. 
On a level road in fair condition it will haul 40 tons 
with ease. 

One hundred and thirty of these engines are now 
in use in diifferent parts of the w’orld, and are used in 
sugar and coffee plantations, and in copper and lead 
mines, in dockyards, and wherever large quantities 
of materials and heavy weights have to be removed. 
Messrs. Aveling & Porter have manufactured and 
exported these engines to Eussia for the govern- 
ment, to Jamaica, Queensland, Java, Egypt, Prussia, 
Buenos Ayres, &c., &c. ; and the increased demand 
j)rove8 that steam power on common roads, and in 
new colonies, is now attracting the attention which 
its importance and utility justify. For feeding 
the traffic of railways steam traction on common 
roads is particularly valuable. In India, branch 
railways have been projected for this purpose, which 
were at one time intended to have a narrow’er gauge 
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than the ordinary railways of that country. But the 
injudicious break of gauge has now been abandoned, 
and all railways, whether trunk or branch, established 
to carry on the communication of the country, are 
intended to have the same gauge. Prior to the for- 
mation of a railway, however, it is advisable to make 
a metalled common road on which traction engines 
may run ; and when the traffic has thus been by 
degrees nursed up to a certain point of magnitude, 
it will become advantageous to lay down rails for the 
engines to run upon. This is the proper course of de- 
velopement in a new or undeveloped country ; and the 
construction of expensive lines of railway in districts 
covered with jungle, and destitute of population, 
cannot be justified by any principle of reason or any 
indication of common sense. 

Aveling’s Patent Agricultural Eoad Locomotive, 
designed for steam cultivation, threshing, sawing, and 
removing agricultural produce, is represented in fig, 
96. The boiler, like that already described, is unu- 
sually large and is flush ; it is clothed with hair felt, 
lagged and covered with sheet iron from end to end. 
The cylinder and working parts are, like those of the 
engine, intended exclusively for traction purposes. 
The gearing, however, is single, and for one speed only. 
There is a pinion on the end of the crank shaft, work- 
ing into a spur wheel on a stud below ; and on this 
wheel is cast a chain pinion to take in the endless 
pitch chain. This gearing works on the stud in a 
curved slot in the lower part of one of the crank shaft 
brackets, struck from the centre of the crank shaft. 
In the side of the bracket is an adjusting set screw, 



202 RECENT IMPROVEMENTS IN THE STEAM ENGINE. 



Aveling and Porter's Aoriculturai. Road Locomotive 
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working through a tapped boss, and bearing at its 
inner end against the side of the stud shaft. By 
turning this screw the stud shaft may be caused to 
slide laterally in the curved slot, as this slot in the 
bracket is struck from the centre of the crank shaft, 
and by this arrangement the stud shaft may be ad- 
justed to any desired amount, so as to tighten up the 
driving chain without interfering with the gearing 
together of the spur wheel on the stud and the pinion 
on tlie crank shaft. 

The spur wheel receives motion from the pinion, 
which slides laterally by means of a groove and feather 
on the end of the crank shaft, but always revolves 
with the shaft. The object of this lateral adjustment 
of the pinion is to throw it in or out of gear with 
the spur wheel, so that, when the engine is not re- 
quired to travel over the ground, the locomotive 
gear may be thrown out of action ; and the engine 
can then be immediately employed to drive plough- 
ing, threshing, sawing, or any other machinery, in 
the same manner as ordinary stationary or portable 
engines. 

On the axle of the road wheels is a large chain 
wheel, round which and the chain pinion an endless 
chain passes, connecting it to the driving gear already 
described. 

The road or driving wheels are loose on the axle, 
but are driven by a bolt passing through a boss on 
the nave and through the chain wheel on the one 
side, and on the other through a hole cast in the 
friction break, which, like the chain wheel, is keyed 
upon the axle. The object in connecting the wheels 
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with the driving gear in this manner is to enable 
either wheel to be readily disconnected, which is a 
great advantage in turning very sharp curves. But 
a self-acting clutch may also be used for this purpose. 
The driving or road wJieels are 5 ft. 6 in. in diameter, 
and 16 in. broad on the face ; there is a 5 ft. fly-wheel 
for driving machinery when the engine is disconnected 
from the locomotive gearing. There are now many 
of these engines that have travelled from 4 to 6,000 
miles, moving from farm to farm, with a threshing 
machine attached, over the worst roads in England at 
all seasons of the year. The saving of Jjorso labour 
in this instance alone is far from being unimportant. 
The engine is none the less suitable for common farm 
purposes from being able to move itself about from 
place to place ; and many years ago I suggested, in 
my ‘ Catechism of the Steam Engine,’ the expediency 
of such a combination. 

An engine very much resembling Messrs. Aveling 
& Porter’s Farm Traction Engine is constructed by 
Messrs. Robey & Co. of Lincoln. This engine is re- 
presented in fig. 97 ; and an engine by the same 
makers, adapted to the general purposes of steam loco- 
motion on common roads, is represented in fig* 98. 
Messrs. Robey & Co.’s portable engine is the same 
species of engine as that shown in fig* 96, but without 
the locomotive gear. 

In traction engines for common roads the objects 
to be fulfilled are now different, so far as regards use 
in this country, from what they were in 1830 when 
Gurney, Hancock, Ogle & Summers, and various 
other engineers introduced steam carriages on the 
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Kobey and Co/s Farm Traction Engine. 
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l?uni;y and Co.’s Highway LocoMoint. 



TRACTION ENGINES FOR COMMON ROADS. 207 

common road, some of which machines were charac- 
terised by much mechanical ability. At that time 
the design was to supersede stage coaches. But this 
end has been attained by railways more completely 
than could bo done by any form of steam apparatus 
on the common roads. Although, however, steam 
coaches are no longer required in England, steam 
waggons may be made a valuable expedient of inter- 
nal transport for domestic purposes, or as ancillary 
to railways; while in foreign countries less developed 
than England, and still without railways in many 
districts, steam coaches on the common road may 
be made a valuable intermediate improvement, 
and rails may finally bo laid down when the truflic 
has risen to such a point as to warrant the ex- 
penditure. 

The form of traction engine constructed by Messrs. 
Garrett & Son, represented in /%. 99, nearly resembles 
one of the forms employed by Messrs. Aveling & 
Porter ; and most of these forms, it will bo observed, 
are the natural developement of the common portable 
farm engine, which common sense indicates should be 
made capable of being put to as many useful purposes 
as possible. 

Messrs. Clayton, Shuttleworth & Go’s Traction 
Engine is represented in jig, 100. This engine is 
substantially the portable engine of the same makers, 
with some additions; and in 101 there is another 
form of their portable engine adapted for pumping 
water. 

One of the most important applications of the 
portable engine is to the work of steam ploughing, for 
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which each principal manufacturer has some special 
arrangement. That known as Savory’s system is re- 
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C layton, Siiittleworth and Co.’s Poiitable Sikam Pump. 


presented 102. By this plan an engine suitable 

for winding a rope is placed on each side of a field, 
and the engine on the one side winds up a rope pass- 



METHODS OF PLOUGHING BY STEAM. 
iiig across the field which the other engine unwinds. 



The plough is attached to this rope, and it is 
drawn to one side and to the other by each engine 
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alternately, each advancing a short distance along the 
field for every cut that is made. The form of engine 
which winds up the rope is shown on a larger scale in 
fig, 103. The engine is a common portable engine, 
with a great drum encircling the horizontal part of 
the boiler, on which drum the rope — which is best made 
of steel wire — is wound. These engines are capable 
of travelling from place to place, carrying their own 
water and fuel. 

The advantages of this system as compared with 
other methods proposing to accomplish the work with 
one engine, are, that only one rope passes across the 
field instead of two, and that the shifting of anchors 
intended to hold the pulley on which the return rope 
runs is obviated altogether, as also is the injury caused 
by the ropo running over a comparatively small pulley, 
as this movable pulley generally is. The disad- 
vantages are that the expense of two engines is in- 
curred, and that ono is standing idle half its time 
wliile the ropo is }>eing drawn across by the other. I 
have very great doubts, however, whether the method 
of ploughing by a rope at all is the proper one, or 
whether it is advisable to imitate the operation of 
ploughing, which is confessedly an imperfect one, 
since it does not sufficiently break up and pulverise 
the soil. It appears to me that some species of steam 
digger is the proper instrument to employ, which will 
pass over the field digging up a whole furrovr at once. 
No doubt such an instrument would require a great 
deal of power to drive it: But the work done would 
be pi'oportionate to the power expended, and one such 
machine hired out would suffice for many farms. 
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The increasing power of agricultural engines has 
induced Messrs. Ransomes & Simms to employ for the 
larger powers a form of combined engine, consisting 
of two engines placed side by side, with the cranks 
at right angles, as in locomotives. An example of 
this form of engine is given in fig. 104 ; and it is dis - 
tinguished by the hiithful workmanship and good 
proportions by which Messrs. Ransomes & Simms 
have earned their high reputation. 

In fig. 105 is shown a form of cylindrical boiler, 
patented by Messrs. Biddell & Balk, and manufac- 
tured by Messrs. Ransomes, which enables the fire 
box and tubes to be withdrawn from the shell or 
barrel, so as to give facility for removing and clean- 
ing out the incrustation and dirt, which is so injurious 
in some cases, and which cannot easily bo removed 
from boilers of the usual form. In this patent boiler 
the back tube plate, us well as the front outside 
plates, are bolted to flanges rivetted to the shell of 
the boiler. These flanges being truly placed, the 
steam-tight joints are made with as great a facility 
as the cylinder-cover joint of a large steam engine. 
Where the water is very dirty and leaves much 
deposit, this boiler is strongly recommended. 

These boilers, as well as the ordinarily formed 
boilers, are constructed with especijil reference to 
durability and strength. The bulk of the plates are 
of best Yorkshire quality, the remaining plates being 
Staffordshire. Ample water space is given round 
the fire box and between the tubes, so as to ensure 
free circulation of the water. Each boiler is tested 
to double its working maximum pressure. 




xn Simms’ Combixed Portable Engixe, 20 uoRSE-rovrER. 


Fig . 105 
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Boilbr with Removable Furnace and Tubes, by Ransomcs and Simms. 
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Th© boilers are mounted upon iron or wooden 
wheels, according to the wish of the purchaser, but 
iron ones are recommended as generally more durable 
and better adapted for change of climate. 

Among the lightest forms of steam engine which 
have been hitherto produced, the steam fire-engines 
constructed to pump water for extinguishing fires 
must be accorded a prominent place. In the case of 
towns supplied with water maintained at a high pres- 
sure in the pipes, the simplest mode of extinguishing 
tires is to apply a proper hose and spout pipe direct 
to the distributing main. But in the case of towns 
where this high pressure in the water-pipes does not 
exist, and in cases also where there are no water- 
works, but, nevertheless, valuable property to bo pre- 
served, the use of steam fire-engines appears to be 
highly important. Such engines are much more effec- 
tive than engines worked by hand, as the requisite 
power to work the pumps is always present, and as it 
acts with greater concert and less intermission than 
nny number of men could do. For inflammable capitals 
like Constantinople, where the houses consist chiefly 
of wood, and there is no high pressure of water avail- 
able for the extinction of fires, the use of steam fire- 
engines is peculiarly important, and is now begin- 
ning to attract much attention. In dockyards also, 
railway workshops, arsenals, and in fact in all isolated 
and important establishments, the value of such a 
powerful expedient for extinguishing fires is now 
beginning to be adequately apprehended. It has long 
been found that in all great fires the volume of water 
thrown on the burning mass by the jets of existing 
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hand engines has been quite too small to extinguish 
the flames, and in fact the water has in many cases 
never reached the burning matter at all, but has been 
raised into steam before it could fall on the spot on 
which it has been directed. The use of steam ap- 
pears to be indispensable to enable very large and 
powerful jets to be obtained, which would in all cases 
reach their intended destination, and would produce 
the extinguishing effect due to the refrigeration 
which a very largo volume of water would neces- 
sarily cause. 

The introduction of steam fire-engines has often 
been proposed, but, until lately, has been prevented 
by various practical impediments, of which one has 
been the great weight of steam engines of the ordi- 
nary description. In America, however, large num- 
bers of steam lire-engines have been made, but many 
of them have been of a very complicated and pre- 
carious construction, and in this country none of 
them have been much adopted. In England, how- 
ever, the makers *-f the ordinary hand fire-engines 
liave begun to turn their attention to the subject; 
and both IMessr?, Shand & Mason, and Messrs. Mer- 
ry weather Sc Son, of London, have produced nu- 
merous steam fire-engines marked by special features 
of excellence and promising good results. Messrs. 
Shand, Mason & Co. manufacture two varieties of 
steam fire-engine, in one of which the cylinder is 
horizontal and works a horizontal double-acting 
pump affixed to the end of the piston rod ; and the 
stroke is measured by a vertical slot in an enlarged 
part of the piston and pump rod, which permits the 
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crank pin to move up or down in the manner usual in 
donkey engines for feeding boilers. The valve of 
the engine is worked by an eccentric in the usual 
manner, and the pump-valves are india-rubber discs, 
falling on a grating in the manner first introduced 
by Mr. Edward Humphrys, though few persons are 
now cognisant of the parentage of an improvement 
wliicli has now become of almost universal applica- 
tion. The boiler consists of a fire box formed like 
the frustum of a cone, the better to disengage the 
steam from the inclined surface of the plate, on which 
is set a cylinder removable by bolts to contain the 
tubes. From the top of the frustum a number of 
v(?ry small and short copper tubes, set vertically very 
eloftfly together, conduct the smoke into the chimney. 
The engine is provided with a small fly-wheel in the 
usual manner of donkey engines. In their vertical 
form of engine the boiler is the same as has been 
already described, but the engine is set with the 
cylinder inverted, and the pump is of the combined 
plunger and piston form invented by Mr. David 
Thomson, and first introduced by him in the Rich- 
mond Waterworks in 1845. In this form of pump 
the valves are like those of a common single acting 
pump, and the area of the plunger is half the area of 
the piston or bucket. As the piston ascends, the 
pump sucks itself full of water in the usual manner ; 
but when the piston descends, the water being forced 
through the valves in the bucket into the space above 
the bucket, which is too small for it, inasmuch as half 
the area is occupied by the plunger, it follows that 
half the water will be forced through the delivery 
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valve when the bucket is descending. The water 
left in the annular space between the side of the 
pump and the side of the plunger is forced out when 
the piston or bucket ascends ; and we thus have the 
benefit of a double-acting pump wdth the gear of a 
single-acting one. The plunger is open at tlie top so 
as to constitute a trunk, and it is properly bolted to 
the bucket. The trunk and bucket are moved by 
means of two piston rods proceeding through the 
cylinder cover, one being placed on one side of the 
shaft, and the other diagonally on the other side of the 
shaft. The arrangement in fact very closely resembles 
that of Messrs, Napier & Sons' original form of 
direct-acting screw engine, except that in that case 
the engine was horizontal. The air pump answers to 
the water pump in this case ; and from the bottom of 
the trunk a connecting rod proceeds to the crank to 
turn it round. On one end of the crank shaft is 
j)laccd a small fly-wheel, and on the other end is an 
eccentric for working the slide valve, and also the 
pump employed to feed the boiler. A small piston, 
acted upon by the water which is being forced out, 
govenis the speed of the engine by opening or shut- 
ting the throttle valve. 

Messrs. Shand, Mason & Co.’s horizontal steam fire- 
engine is represented in 106, and their vertical 
steam fire-engine is represented in 107. The 
performance of each class of engine is very nearly 
the same, and in an experiment made with one of 
these engines at Messrs. Penn & Son’s factory in 
1864, with an engine having two cylinders of 6^^ in. 
diameter, and 7 in. stroke, the power generated wdth 
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steam of 120 lbs. pressure in the boiler, and with 
152 revolutions per minute, was about 15 horse- 
power. In the case of another engine of the same 


Fig. 106 



SuANO, Mason and Co.’s Horizontal Steam Fire>bnc:inb. 


dimensiouvs, also tried in 1864, the power generated 
with a little increase in the pressure of the steam was 
18 -horse power, and the total weight of this engine 
with its appurtenances was 24cwt. 2qrs. In an 
engine which Messrs. Shand, Mason & Co. sent to 
the competitive exhibition at Middleburgh, in Hol- 
land, in July 1864, and for which they obtained the 
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gold medal and 500 guilder prize, there was only one 
cylinder of 7 in. diameter and 8 in. stroke. In an 
experiment made with this engine, a jet of water 
l|in. diameter was projected under a water pressure 


FiR. 107. 



StiAND, Mason and Co.’s Vertical Steam Fike-enoine. 


of 125 lbs. per sq. in. With steam of 145 lbs. pressure 
in the boiler, an average pressure of 128*15 lbs. per 
sq. in. was maintained upon the piston at a speed of 
165 revolutions per minute, and 5 Jibs, per sq. in. of 
back pressure. In this case the engine exerted 32^ 
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actual horse-power ; and as the total weight of the 
engine was only 32 cwt, the weight was about 1 cwt. 
per actual horse-power. As this is a very remark- 
able result, I liere introduce a copy of the indicator 
diagram taken at the time. 


/V/T. 108 . 



Indicator Diagram from Shand, Mason and Co.’s Stcam Fire-engink 


Having personally examined Messrs. Shand, Mason 
& Co.’s engines when in course of construction, I 
can vouch for the faithfulnes.s of the work ; and I was 
also favourably impressed with the intelligence which 
presided over the general arrangements of these 
machines. But in the boiler the tubes are so thickly 
set, that it will be important to use pure water so 
that there may be no incrustation, which, if consider- 
able, would prevent the access the water and cement 
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the tubes into a solid mass. It is a necessity of all 
fire-engine boilers, however, that they should have 
but little water in them, so that the steam may be 
quickly got up ; and as such engines are never re- 
quired to work for long periods at a time, there is 
abundant opportunity for cleaning the boilers out. 
By making the upright cylinder which encircles 
the tubes removable by unscrewing a few bolts, as 
these makers have done, they provide in a great 
measure against the only objection that can be made 
to any of their arrangements. 

Prior to the introduction of steam fire-engines, 
Messrs. Merryweuthcr & Son of Long Acre had ob- 
tained a high reputation in the construction of hand 
fire-engines, and also in the construction of other fire 
apparatus ; and in turning their attention to the con- 
struction of steam fire-engines they brought to the 
problem the ripened experience that they already ob- 
tained in other analogous constructions. There are 
two main features in the mechanism Messrs. Merry- 
weather employ in their steam fire-engines : — the one 
is in the boiler, which consists of a number of pendu- 
lous tubes hung in a furnace with a smaller internal 
tube within each, to enable the circulation of the 
water to be carried on ; and the other is in the circum- 
stance of the engine being without a crank, but the 
pump is worked by being attached to a reciprocating 
piston, as in Worthington’s steam pump, or in the 
form of donkey engine introduced by Messrs. Penn, 
but subsequently abandoned ; while the valve of one 
engine is moved by the other if there are two engines, 
and by a small independent cylinder and piston if 
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there is only one engine, the valve of this small 
starting engine being itself moved by a tappet. 
The benefits which Messrs. Merryweather consider 
that they obtain by these peculiar features are, first, 
that in their form of boiler the steam is more rapidly 
got up than in any other, and certainly in this respect 
their engine seems to have the advantage over all its 
competitors ; and second, that inasmuch as ‘there is 
less waste of power in moving water slowly than in 
moving it rapidly, and as their pump and engine, 
with their long stroke and largo capacities, move 
more slowly than is the case in other steam fire 
engines, there will be a gain from this source also, and 
the engine will consequently work with a maximum 
efficiency. Although, however, there is a loss of power 
in moving water quickly rather than in moving it 
slowly, the velocity of the water escaping from every 
species of pump must be the same to project a jet of 
the same diameter to the same height ; and whether 
the plunger of the pump moves fast or slow the 
escaping water must have the velocity proper for the 
kind of jet that has to be employed. It consequently 
will matter little whether the water obtains its velocity 
directly from a fast moving plunger, or indirectly 
from the compression of the water which a larger 
plunger moving more slowly produces, seeing that in 
each case the water must leave the spout-pipe with tljt) 
same velocity, and must carry away with it a corre- 
sponding amount of power. But whether th<? engine 
moves fast or slow a crank is equally applicable, and a 
crank will enable the engine to work with less waste of 
steam at the ends, as there will no longer be any neces- 

q 
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sity to leave tlie same clearance at the ends to obviate 
the risk of striking. Every species of reciprocating 
imgine which is without a crank, is more or less of a 
rattle-trap; and although the example of the Cornish 
♦ iigines shows us that such engines are capable of 
pumping wat(a* with great etliciency and without in- 
icrmissioii for long periods of time when moving 
slowly, yet it is now found that rotative pumping 
i*ngines are quite as elficient, while they certainly work 
jn a smoother and less precarious manrun’, and are 
<‘Mpable of maintaining higher speeds without incon- 
venience. On the large scale, the ymmping engine 
without a crank has been practically given up; and 
:he same considerations which make that abandonment 
advivsable on the large scale make it equally advisable 
on the small. 

The consid(‘ration of the properties and perfor- 
niance of tin* steam lire engines exhibited at the In- 
ternational Exhibition of 1862 was delegated to a 
>pi’cial committee. But two engines of Messrs. Shand, 
Mason & Co., and one of Messrs. Merry weather and Son, 
were the only engines which presented themselves to 
bo experimentally tested. All the boilers were filled 
with cold water, and Messrs. Merryweather & Son’s 
engine got steam up to 100 lbs. pressure in 12 
minutes and 10 seconds, and Messrs. Shand, Mason 

Co.’s first engine in 18 minutes and 30 seconds, 
whilst in their second engine, owing to some misma- 
nagement which compelled them to draw the fire, 30 
minutes were consumed. Messrs. ^lerry weather & 
Son’s engine was 2 minutes and oO seconds at work 
before it began to draw water. Nevertheless it pro- 
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oOO gilllons of water into a tank 60 ft. distant 
in 17 minutes and 15 seconds from the lime at which 
iliu lire was lighted, but the steam fell 15 lbs. 
during the first trial, and after three trials the engine 
became di>abled. It resumed work, however, in an 
hour and a half, at the ninth trial, having been re- 
I)aired on the ground in that time ; but on the thir- 
teenth trial it was again disabled. INIessrs. Sliand 
IMason & Co.’s engine, though longer in getting up 
tli(‘ steam, drew water immediately it was jint on, 
;in<l during the first trial the pressui'c in the boiler 
fell only 5 lbs. per sq. in. This engine worked without 
aecident, and almost without intermission, throughout 
the day. The seventeenth trial lasted 63 minutes, 
and the pressure in the boiler was kept up at 90 lbs. 
per sq. in. throughout. This experiment only con- 
firms the anticipations which might have been reason- 
ably formed from the distinctive features of the two 
engines placed in competition ; and there can be no 
dioubt lliiit, on the whole, engines without a crank 
vrill be found more liable to derangement than those 
which are provided with that valuable appendage. 

In July 1863 the experiments with these engines 
and several others were resumed at the Crystal 
Talace, and much interest ivas excited by the event. 
The engines presented for experiment were those of 
IVIessrs, Merryweather & Son, Shand & Mason, 
Kaston & Amos, Butt & Co., Roberts, Kicliols 
(Manhattan') and Gray & Son. The principal parti- 
culars of the several engines are exhibited in the fol- 
lowing table: — 

q2 
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Name of Maker. 

Wcinht 

of 

Fire 

Engine. 

•o 

c 

0 

A 

H 

l-r 

JM 
£ .5 

if. 2 
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J 
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h| 

ll 

a 
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in Boiler. 
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of Steam Space 
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square feet. 

Area of Tube 
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Total Area of 
Heating Surface 
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t. CWt.UT.l|t. 











Mprryweather } 

2 18 

0 8 

2 

8 

21 in. 

2 

4 in. 

30to9r 

19fo9 

14-3 

192-3 

207 

ShHiid, Mason, V 

& Co. . . j 

2 17 

1 ( 

2 

h' 

9 in. 

2 

7 in. 

21*} 

7 en.ft 
HI (’c.iti 


108 

127^ 

Enston & Amos 

2 18 

3 12 

2 

H 

HJtoOin 

1 

2 of 4 
2 of 4 
t; 

J‘> 

11-03 

37 

173 

210 

Butt/tCo. . . 

2 \i 

0 *1 

1 

lOJ 

12 in. 

(;2 

8-5 

l«i 

1h:M 

■no 

Roberts , . . 

\ I'J 

1 4 

1 

7 

13 in. 

1 

H 

12.J 

0397 in. 

23 

118 

141 

Nichols (Man- J 
liatlaii) . . 3 

2 JO 

I 4 

1 

9 

8J in. 

‘1 

rota- 
tor y 


7-23 

4'‘-3 

133-3 

182 

Gray i>i Son . . 

1 18 

1 4 

1 

H 

K in. 

1 

7 

1-^ 

3-835 

21-74 

33 4.3 

75-19 


The boilers of tbcsc different engines were very 
various. In Merryweatlier and Son’s boiler the shell 
was formed of homogeneous iron, -{f, of an inch thick 
double rivetted, and the tube and top plates of Low- 
moor iron, •} J thick ; stays of Bowling iron, 1 in. 
thick, and the tubes of copper. The height of the 
boiler was 60 in., and the diameter 45 in. Shand, 
Mason & Co.’s boiler was an upright cylindricJil iron 
boiler of 45 in. diameter at the fire-box, 45 in. at the 
barrel, and 60 in. high. The smoke passed through 
vertical brass tubes on its way to the chimney. 

In Easton & Amos’.s boiler there was a central 
furnace surrounded by a shell of vertical tubes 2 in. 
diameter. Butt & Co.’s boiler was an upright 
tubular boiler 36| in. diameter, and 65 in. high. The 
fire-box was 20 in. high, and there were 313 tubes of 
LJ external diameter. In Koberts’ boiler the body was 
30 in. diameter, and 24 in. deep, and there were 248 
tubes I in. diameter inside. Nichol’s Manhattan engine 
was fitted with Lee and Larued’s annular boiler j and 
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Gray & Son’s boiler consisted of a cylinder fitted with 
tubes revolving slowly on trunnions within an iron 
casing lined with fire clay. 

On the first trial the task set to all the engines was 
to deliver 1,000 gallons of water into a tank 67 ft. 
distant, the water in all the boilers being cold when 
starting, and the order in which this was done by the 
difierent exhibitors was: 1, Easton & Amos; 2, Merry- 
weather & Son ; 3, Shand, Mason & Co. ; 4, Ilutt & 
(Jo,, and 5, Koberts. In the second trial, which con- 
sisted in doing the same work with tlie steam already 
up, the order of rapidity with which the work was 
done by the ditferent exhibitors was as follows : 
Shand, Mason & Co., Butt & Co., Merry weather & 
Son, Boberts, and Easton & Amos. In subsequent 
trials the engine of Messrs. Merry weather & Son 
Avork(‘d with great eliiciency, and took the first ]jrize 
of 250/., the second prize of 100/. being awarded to 
Messr.s. Shand, Mason & Co. The steam fire engine 
Sutherland, which achieved these successes, is r(‘pre- 
sented in 109, and Messrs. Merry weather & Son’s 
description of this engine is as follows ; — 

This engine has two steam cylinders, cacli 8^ in. in diameter, 
with })istons of 24 in. stroke. The two pump cylinders are (>lin. 
in diameter, and the pistons of the pumps being on the same ro<ls 
as tlie steam pistons, make the same extent of stroke. Both steniu 
cylinders and ]>umps are fixed horizontally on the wrought iron 
side frames of the engine, and rigidly connected together by 
strong tie-rods running throughout the entire length of cylinder 
and pumps. The valve motion is of a simple character, and is so 
arranged that when one piston is changing stroke the other is 
in the middle of its stroke, thus imparting a very uniform and 
steady motion. On the middle of each piston rod is keyed a 
boss carrying a short arm projecting horizontally. Parailel to 
aud at a short distance from each piston-rod, are fixed iu suit- 





merryweatiier’s steam fire-engine. 231 


able bcarinpcs, so as to be able to revolve freely on tlicir axes, 
tAvo twisted bars or quick screws, havinpj a i)itch of 1 turn in 
loin. At the ends of these twisted bars or scrcAvs next the 
steam cylinders are. cut two stnmg square-threaded screws, 
liaving 1 turn in l:j in., on to which are fitted 2 gun-metal nuts, 
wlticlj nuts arc received by the forked ends of the weigh-shaft 
levers for moving the slide-valves. To the short arms on the 
])ist,on-rods above mentioned are attached 2 gun-metal sliding 
}»ieces, which clasp, and move freely on the twisted bars or 
screws, and having the same motion as the piston-rods, imjxut 
a fdow, easy, reciprocating rotating motion to the twisted l)ars 
<jr screws, causing the gun-met.al nuts and weigh-shaft levers to 
he brought liaekward and forward w'ith a slow, easy uelion, thus 
moving the slide-valves into the required position—viz., that of 
closing steam and exhaust ports shortly before the cud of the 
strokf.*, thus ])reventiiig the possibility of striking the ends of the 
cylinders. By this arrangement, each cylinder cuts off its own 
steam and exliaust, and is entirely indejH.mdent of the other for 
forming the cushion required to stop the momentum of the. 
])istons. Thus, each pinion biings itself to rest; but when at 
half-stroke, by means of a connection between the weigh shaft 
levers, it gives steam to No. 2 cylinder, the piston of which brings 
itself to rest and liberates No. 1 piston, and so on alternately. 

The slide-valves are of the equilibrium ])iston form, and with 
full steam (150 lb. per sq. in.) can readily be moved by the 
hand w ith a force of 5 Ih., thus saving power which is more use- 
fully employed in forcing water. 

'i'he engine is started merely by opening the steam valve, 
wliich can be so regulated as to allow it to run as slow as half- 
a-strokc per minute, and has no dead points or centres. 

The pump has all its valves below the pump cylinders, and so 
arranged that no water remains in the i)ump when at rest, so 
that it cannot freeze. The suction valves, 4 in number, ant 
each 10 in. long and 1-375 in. W'ide, with a lift of 1 in., which 
presents an area of 13*75 sq. in.; the delivery valves, also 4 in 
nnmbcr, are each 10 in. long, and 1-25 in. wide, with a lift of 
1 in., and an erca of 12*5 sq. in. ; the whole are made of giin- 
mctal, india-rubber faced, but gun-metal valves can be fitted if 
preferred. The engine is fitted with 4 deliveries, each 2^ in. 
in diameter, for attaching hoses, and the suction hose is .5^ in. 
diameter. 

The side cover of the pump can be readily removed and the 
valves and seats re-adjusted if necessary. 
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The side frames are of Bowling angle iron, firmly secured 
together by wrought iron <Toss-stays, and pivoted over the fore- 
carriage, so that the engine may travel on the roughest road. 
Beneath the front part of the frame, and below the pivot, arc the 
wrought iron fore-carriage and front wheels, which lock com- 
pletely round and under the frame of the engine. 

Above the pump, and fore and aft of the copper-suction and 
delivery air vessels, are the tool-boxes and seats for the driver 
and ten men. The delivery hose is carried in a cylindrical 
drum (capable of containing from .500 to (iOO ft. of leather hose), 
attached beneath the frame near the boiler. 

The vertical boiler has very large steam and water spaces, 
with a tubular circulating shell of homogeneous metal -A in. 
thick, and double rivetted. The tube and top plates are of.Low- 
moor iron in. tluek ; the stays are of Bowling iron of 1 in. in 
diameter, and the tubes arc of solid drawn eopj>e The heiglit 
of the boiler is 5 ft., and the diameter 3 ft. 6 ' :i. When the 
engine is at work, the boiler contains on an a' erage 60 gals, 
of water; the steam space varies from 9 to 19 cubic it, ; the iire- 
box surface is H’fjsq. ft., and the tube surface 192’5 sq. ft., 
making a total heating surface of 207 sq. ft. 

The top plate is provided with four hand-holes, so that the 
interior of the lK)iler can be got at iiio.st readily. The to}) and 
bottom tube })lates arc connected touether by strong wrought 
iron stays. The boiler is fiircd with two large safety valves, 
tw’O pressure gauges, buck and front, No. 5 GifFard’s injector, 
Avater-glass, gauge, cocks, &c. There is also a steam jet in tin? 
cliimncy for assisting lh< draught. A portion of the outer shell 
of the boiler is kept down below where it is rivetted to the lower 
tube- plate to which the side frames arc attached, so that the 
holts do not go into the water or steam space of the boiler. At 
the lower part of the boiler is attached a large bunker for 
carrying coals or other fuel. 

The engine is mounted on four springs and high wheels, so 
that it is suited for the most rapid travelling. 

The steam fire-engine Torrent, which has obtained 
some celebrity in connection with Captain Hodges* 
fire-brigade, in consequence of its efficient action 
at various fires, is represented in fig, 1 10. Messrs. 
Merry weather & Son’s description of this engine is as 
follows ; — 
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Steam Fire Engine Torrent, by Massbs, Merryweather 


234 RECENT IMPROVEMENTS IN THE STEAM ENGINE. 


This cng:ine has undergone some very severe tests, and pj-oved 
to be efficient in every respect, its arrangements being of so 
simple a character, that ordinary persons have managed it with 
but very little previous knowledge of the mechanism of a steam 
tire-engine. It has a steam cylinder of in. diameter, with a 
piston stroke of 12 in. The steam and watcT pistons are con- 
tinuous. The pump is 4^ in. in diameter, with a stroke of 12 in., 
the cu1>ic contents of which arc 1 ‘45 gals. The arrangement 
for moving the slide valve, which is of the ])iston ecinilibrium 
form, is of the simplest kind. In the centre of the piston- 
rod a light crfffis-hefid is keyed, having a slight hearing ii})on 
each of tJie tie-rods which connect the steam cylinder and pump 
together ; to this cross-head arc attached two light rods, whieli 
are. again connected to two small weigh-shaft-levers, which 
give a slight motion as the piston advances and recedes, to an 
ordinary flat valve, that admits steam to a small piston which is 
on the same rod as the piston slide valve. This engine can be 
started at any point by merely opening the steam valve, and can 
be driven at any speed (so as to adapt itself to any quantity of 
water) oven as slow as one stroke per minute, as there arc no 
dead points or centres. 

The suction valves, of which there arc two, arc 9’5 in. long 
and 1*3625 in. wide, with a lift of 1 in., and an area of 10 sq. in., 
and the two delivery valves arc 9*5 in. long, and 1 in. wide, with 
a lift of barely I in. and an area of 9*5 sq. in. The whole of the 
valves arc of gun metal, leather faced (india-rubber can be used 
if preferred), and are placed below the pump cylinder, readily 
.Mccessible, and so arranged that no water can possibly remain in 
the pump when at rest (to prevent freezing). It has two de- 
livery outlets of 2jin. each, and a suction of in., all inside 
diameter. The frame is of Bowling angle iron, pivoted over the 
fore-carriage and front wheels, wdiich lock and turn completelj'’ 
under the main part of the engine. 

The boiler is of steel, with Low*moor iron tube and top plates, 
.and vertical water tubes ; the tube-plate is flanged to form a 
mud pocket, wliich receives all the dcpo.sit and from which it is 
easily blown out. The top plate has four hand holes, so that 
the interior of the boiler is easily acecvssible. The boiler is 48 in. 
high, the diameter being 28 in. The shell is of homogeneous 
metal, full 4 i*'- thick. The tube and top plates are ^ in. thick, 
and the tubes arc of solid drawn homogeneous copper. The 
quantity of water contained in the boiler, when at work, is from 
1 5 to 30 gals. The steam space is about 4 cubic ft., the fire-box 
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ssiirfacc 7'5 »q. ft., incliuiinf? fine surfaco, and the tube surface 
57 sq. ft., inakin" a total of 64*.5 sq. ft. of Jieating surface. Tiic 
boiler is fed by a Giflard*s injector, by the main pump, and by a 
feed pump. It is fitted with a safety valve, a double steam 
pressure j^aujyt*, a water pressure gaipae, water gauge, gauge 
cocks, ike., and has a small steam jet for assisting the draught. 

Tlie wrought iron Irame of the engine is attached to a portion 
of the outer shell of the boiler, left for the purpose below the 
water and steam spaces. At the bottom of the boiler are at- 
tached the coal-bunkers, and below the frame, in front of tlio 
boiler, is an iron frame for carrying the hose. 

The frames of the engine are made of steel Jin. tliick, and 
attaehed to the back and front plate of the boiler, 'rransverse to 
the frames, and over the cylinders, is a steel and woi)d frame 
com))incd, and at the back and front, a central longitudinal 
frame terminating at the smoke-box. The cross leading frairie 
is also of steel, to which the steering spindle fork is attaclu'd. 
The slides of the main axle are inclined to divert the i>creussit>n« 
on the main springs, and to keep the centres of the spur-gear in 
their most fitting relative positions. The whole W’eight of the 
{)()ilcr and the principal part of the machinery is borne by the 
driving wheels, which sustain each tons weight to promote 
their adhesion, while the power of the engine is such as to make 
them skid round in * reverse * when it is found necessary to stop 
ifistavth/ ; the engine is also fitted with a break. The motion 
consists of sjMir-gear in duplicate 5 to 1, which allows the steam 
pistons to make f)50 ft. per minute, or about half the speed of the 
carriage. There is also a universal differential motion ap})lied to 
the main axle. Provision for causing the driving wheels to 
move at different degrees of speed, when it is necessary to do so, 
and to pass readily over any obstacles on the road, is made by 
the line of the steel cranked shaft, or first motion which moves 
in beaiinga fixed to the boiler and frames, and that of tlio 
second motion, or main driving axle, being often in different 
planes. The first motion and boiler all take the average undu- 
lation of tlie road, and the second motion has. on uneven roads, 
a continued elevation and depression at either end. 

The main shaft is a bar fitted with a centre cross pin and two 
bevel wheels or couplings free to move in any way. On this 
centre bar are two more bevel wheels, and the two driving 
wheels arc respectively connected firmly together by wrought 
iron pipe shafts, which move freely n}>on the centre shaft. Uf>on 
these external shafts the spur wheels are fitted free, and driven 
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by the two j)inions fast on the first motion crank axle. The 
two spur wheels actuate the two bevels first mentioned, and also 
the central shaft by two driving burs, each of which moves freely 
on the three points of contact, allowing the two spur wheels to 
keep unrein itiiiig connection with their resi)ective pinions, at all 
tile various positions in the planes of the two axles, transmitting 
to the central bevel wheels their united power, through the two 
universal driving burs. Wlicn the carriage moves along a straight 
road, tlicsc hevei wheels merely act as cireular clutch couplings ; 
lint, in passing round curves, they revolve in part, allowing 
eifhiT driving Avheel to take the inner curve, or, if necessary, to 
hecoine stutinnavy, while the other wheels make a circuit round it. 
Tlie driving w heels are each 4 ft. in diameter and 7 in. wide, and 
are made of cast bosses and steel siK)ke.s and rim, with outer seg- 
ments and exterior felloes of wood. Upon these arc bolted 
segments wliicJi admit of elongation and substitution, without 
interfering with the rest of the wheel. The cylinders arc each 
tiin. in diameter, with a stroke of 8 in., and the link-motion is 
the same as in railway loeutnotives, with an extra expatision 
link-motion for forward gear, which allows a constantly free 
exhaust, and u cut off at any part of the stroke up to ^2;. Tliis, 
vvith Gray’s variable blast pipe, and short tubes of ain))le size, 
enables tlie exhaust to he fri’cd at a miiiimuni ]>ressurc, keeping 
u]) a constant working pressure of lf)Olhs. The steering aj)- 
paratus is simple ami cun he managed with great ease, as there 
is but one Icjuliug wdieel, the obstructions of die road being 
yielded to by the vertical axis and its appliances. To assist this 
forked steering shaft, lujtl allow it to rise and fall, as well as turn 
freely, a ]*arallcl motion is arraiigeil, so us to transmit the longi- 
tudinal strain received by the wheel to a fixed pin level with its 
axle, and made fast to the frame between the cylinders, the 
parallel rods having a universal hold of a beam lever, and also 
the ends of the axle of the leading wheel. 

A soft metal plug is inserted in the boiler, in the event of no 
water being found along the roads, that will immediately put out 
the furnace fire. The engine is fitted with two steam whistles, 
gfluge glass, water cocks, and two steam pressure gauges, one 
for the stoker, and the other for the driver and steerer. 

Messrs. Merry weather, in common with Messrs. 
Sliand, Mason 8c Co., have been able to produce steam 
fire-eijginea weighing not more than a cwt. per actual 
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Ijorse-power, and they find that the engines most in 
demand are those with single cylinders weighing 
from 26 to 27 cwt., and those with double cylinders 
weighing from 35 to 40 cwt. The pumps have tlieir 
valves so arranged, that they deliver their water at 
the lowest part, so as to prevent the accumulation of 
grit or other obstructions in the valves by causing 
the valve seats to be swept at each stroke by the 
effluent water. The only want I see in Messrs. 
Merryweather and Son’s engines is a crank, and the 
sooner they introduce it the better. 

At the International Exhibition of fire-engines 
heldatMiddleburgh, in Holland, in July 1861, Messrs. 
Merryweather and Son’s engine obtained the silver 
medal, and 200 guilder prize; and the makers allege 
that their engine would have done still better than it 
did, only that beibre the trial their boiler had been 
working with salt water and that some of the salt 
still remained. Medals and inferior prizes were 
awarded to Messrs. A. Bikkers 8c Son, Rotterdam ; 
F. Requile and Bediiwe, Liege; Peck Brothers, 
Middleburgh ; and W. C. Pasteur 8c Co., Rotterdam. 

Ice^makivff Machines, One of the most remark- 
able applications of the steam-engine is to the manu- 
facture of ice ; wdiicli is accomplished by forcing tlic 
heat out of air by mechanical compression, and then 
by again allowing the compressed air to expand. 
Such demand is thus created for the restoration of 
the heat before forced out as to produce a great re- 
duction in the temperature of surrounding objects. 
On the occasion of iny first visit to India in 1847, 
the inconveniences caused by the heat drew' my at- 
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tontion to tlie subject of artificial refrigeration, whicii 
I proposed to accomplish by compressing air until its 
temperature became so high that its surplus heat 
would be readily extracted by the aj)plication of cold 
water; and then by allowing this air subsequently to 
(*xpand under such circumstances as to generate 
power, a very low temperature it was plain would be 
ju’oduced which might be regulated to suit the re- 
(juirenients of a practical system of refiigc'ration. 
Sul)s(‘<]uently the same idea was ])rf)p()uiide<l by 
\arious other parties; and an ic(‘-m{i.hing machine 
lias been constructed in which the reirigeralion is 
jn’odnoed by power aided by the agency of (‘ther. 
Ibil in Kirk's niaebine for producing cold tlie ether 
is discarded and air alone is used, which air is pjissed 
tlirough a regenerator as in Stirling's air engine. 
'J'his niaebine is now in succe.ssful use in young’s 
l^araiiine AVorks in Scotland. 
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CLASSIFICATION OF ENGINES. 

1. Q, — WiiAT is meant by a vacuum ? 

-4, — A vacuum means an empty space; a space in 
which there is neither water nor air, nor any thing 
else that we know of. 

2. Q. — Wherein does a high pressure differ from a 
low pressure engine ? 

A , — In a high pressure engine the steam, after having 
pushed the piston to the end of the stroke, escapes into 
the atmosphere, and the impelling force is therefore 
that due to the difference between the pressure of the 
steam and the pressure of the atmoHf)here. In the con- 
densing engine the steam, after having pressed tlic 
piston to the end of the stroke, passes into the con- 
denser, in which a vacuum is maintained, and the im- 
pelling force is that due to the difference between the 
pressure of the steam above the piston, and the pressure 
of the vacuum beneath it, which is nothing ; or, in 
other words, you have then the whole pressure of the 
B 
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steam urging the piston, consisting of the pressure 
shown by the safety-valve on the boiler, and the pres- 
sure of the atmosphere besides. 

3, Q, — In what way would you class the various 
kinds of condensing engines? 

A . — Into single acting, rotative, and rotatory engines. 
Single acting engines are engines without a crank, 
such as are used for pumping water, llotative engines 
arc engines provided with a crank, by means of which 
a rotative motion is produced ; and in this important 
class stand marine and mill engines, and all engines, 
indeed, in which the rectilinear motion of the piston 
is changed into a circular motion. In rotatory engines 
the steam acts at once in the production of circular 
motion, either upon a revolving piston or otherwise, but 
without the use of any intermediate mechanism, sucli 
as the crank, for deriving a circular from a rectili- 
near motion. Rotatory engines have not hitherto 
been very successful, so that only the single acting or 
pumping engine, and the double acting or rotative en- 
gine, can be said to be in actual use. For some pur- 
poses, such, for example, as forcing air into furnaces 
for smelting iron, double acting engines are employed, 
which are nevertheless unfurnished with a crank ; 
bi't; engines of this kind are not sufficiently numerous 
to justify their classification as a distinct species, and, 
in general, those engines may be considered to be single 
acting, by which no rotatory motion is imparted. 

4. Q.— Is not the circular motion derived from a 
cylinder engine very irregular, in consequence of the 
unequal leverage of the crank at the different parts oi 
its revolution ? 
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A. — No ; rotative engines are generally provided 
with a fly-wheel to correct such irregularities by its 
momentum ; but where two engines with their re- 
spective cr.'inks set at right angles are employed, the 
irregularity of one engine corrects that of the other 
with sufficient exactitude for many purposes. In the 
case of marine and locomotive engines, a fly- wheel is 
not employed ; but for cotton spinning, and other pur- 
poses requiring great regularity of motion, its use with 
common engines is indispensable, though it is not im- 
j)ossible to supersede the necessity by new contrivances. 

5. Q, — You implied that there is some other dif- 
ference between single acting and double acting en- 
gines, than that which lies in the use or exclusion of 
tlie crank 

A, — Yes; single acting engines act only in one 
way by the force of the steam, and are returned by a 
counter-weight ; whereas double acting engines are 
urged by the steam in both directions. Engines, as I 
have already said, are sometimes made double acting, 
though unprovided with a crank ; and there would bo 
no difficulty in so arranging the valves of all ordinary 
pumping engines, as to admit of this action ; for the 
pumps might be contrived to raise water both by the 
upward and downward stroke, as indeed in some mines 
is already done. But engines without a crank are 
almost always made single acting, perhaps from the 
effect of custom, as much as from any other reason, 
and arc usually spoken of as such, though it is neces- 
sary to know that there are some deviations from the 
usual practice. 
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NATURE AND USES OP A VACUUM. 

6. Q . — Tlie pressure of a vacuum you have stated 
is nothing ; but how can the pressure of a vacuum be 
said to be nothing, wlicn a vacuum occasions a pres- 
sure of 151bs. on the square incli ? 

^1, — Because it is not the vacuum which exerts this 
pressure, but the atmosphere, which, like a head of 
water, presses on every thing immerged beneath it. A 
head of water, however, would not press down a piston , 
if the water were admitted on both of its sides ; for 
an equilibrium would then be established, just as in 
the case of a balance which retains its equilibrium when 
an equal weight is added to eacli scale ; but take the 
weight out of om^ scale, or empty the water from one 
side of the piston, and motion or pressure is produced; 
and in like iminiuT pressure is produced on a piston 
by admitting steam or air upon the one side, and 
withdrawing the steam or air from the other side. 
It is not, lIuTcfore, to a vacuum, but rather to the 
existence of an unbalanced plenum, that the pressure 
made manifest by exhaustion is due, and it is obvious 
therefore that a vacuum of itself would not work an 
engine, 

7. Q . — ITow is the vacuum maintained in a con- 
densing engine ? 

A* — Tlie steam, after having performed its office in 
the cylinder, is permitted to pass into a vessel called 
the condenser, where a show-er of cold water is dis- 
charged upon it. The steam is condensed by the cold 
water, and falls in the form of hot water to the bottom 
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of the condenser. The water, which would else he 
accumulated in the condenser, is continually being 
j)uraped out by a pump worked by the engine. This 
pump is called the air pump, because it also discharges 
any air which may have entered with the water. 

8. Q. — If a vacuum be an empty space, and tlierc 
be water in the condenser, how can there be a vacuum 
there ? 

— There is a vacuum above the water, the water 
Ixfing only like so much iron or lead lying at the 
l)Ottom. 

9. Q . — Is the vacuum in the condenser a perfect 
Vticuum ? 

yi , — ^^ot quite perfect; for the cold water entering 
for the purpose of condensation, is licatcd by tlie steam, 
and emits a vapour of a tension representcid by about 
three inches of mercury ; that is, when the common 
barometer stands at 30 inches, a barometer, with the 
space above the mercury communicating with the con* 
denser, will stand at about 27 inches. 

10. Q. — Is this imperh'Ction of the vacuum wholly 
attributable to the vapour in the condenser ? 

A — No : it is partly attributable to the presence of 
a small quantity of air which enters with the water, 
and which would accumulate until it destroyed the 
vacuum altogether but for the action of tlie air pump, 
which expels it with the water, as already explained. 
All common water contains a certain quantity of air 
in solution, and this air recovers its elasticity when 
the pressure of the atmosphere is taken off, just as the 
gas in soda water Hies up so soon as the cork of the 
bottle is withdrawn. 
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11. Q. — Is a barometer sometimes applied to tlie 
condensers of steam engines ? 

A. — Yes ; and it is called the vacuum gauge, be- 
cause it shows the degree of perfection the vacuum has 
attained. Another gauge, called the steam gauge, is 
applied to tlie boiler, which indicates the pressure of 
the steam by the height to which the steam forces mer- 
cury up a tube. Gauges arc also applied to the boiler 
lo indit^ate the height of the water within it so that it 
may not be burned out by the w^ater becoming acci- 
dentally too low. In some cases a succession of cocks 
placed a short distance above one another are employed 
for this purpose, and in other cases a glass tube is 
placed peri)endicularly in the front of the boiler and 
communicating at each end with its interior. The 
water rises in this tube to the same height as in the 
boiler itself and thus shows the actual water level. 
In most of the modern boilers both of these contri- 
vances are adopted. 

12. Q. — Can a condensing engine be worked with a 
pressure less than that of the atmosphere ? 

A, — Yes, if once it be started ; but it will be a dif- 
ficult thing to start an engine, if the pressure of tli(‘ 
steam be not greater than that of the atmosphere. Be- 
fore an engine can be started, it has to be blown through 
w'ith steam to displace the air within it, and this cannot 
be effectually done if the pressure of the steam be very 
low. After the engine is started, however, the pressure 
in the boiler may be lowered, if the engine be lightly 
loaded, until there is a partial vacuum in the boiler. 
Such a practice, however, is not to be commended, as 
the gauge cocks become useless when there is a partial 
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vacuum in the boiler ; inasmuch as, when they are 
opened, the water will not rush out, but air will rush 
in. It is impossible, also, under such circumstances, 
to blow out any of the sediment collected within the 
boiler, which, in the case of the boilers of steam 
vessels, requires to be done every two hours or oftener. 
This is accomplished by opening a large cock which 
permits some of the supcrsalt<al ’water to be forced 
overboai'd by the pressure of the steam. In some 
cases, in which the boiler applied to an engine is of 
inadequate size, tlie pressure within the boiler will 
fall spontaneously to a point considerably beneath the 
pressure of the atmosphere ; but it is preferable, in 
such cases, partially to close the throttle valve in the 
steam pipe, whereby the issue of steam to the engine 
is diminished; and the pressure in the boiler is thus 
maintained, while the cylinder receives its former 
sui)t>ly. 

13. Q. — If a hole be opened into a condenser of a 
steam engine, will air rush into it? 

A . — If the hole communicates with the atmosphere 
the air will be drawn in. 

14. Q. — With what velocity does air rush into a 
vacuum ? 

A . — With the velocity which a body would acquire 
by falling from the height of a homogeneous atmo- 
sphere, which is an atmosphere of the same density 
throughout as at the earth’s surface; and althougli 
such an atmosphere does not exist in nature, its ex- 
istence is supposed, in order to facilitate the compu- 
tation. It is well known that the velocity with which 
water issues from a cistern is the same that would be 
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acquired by a body falling from the level of the head 
to the level of the issuing point ; which indeed is an 
obvious law, since every particle of water descends 
and issues by virtue of its gravity, and is in its descent 
subject to the ordinary laws of fulling bodies. Air 
rushing into a vacuum is only another example of the 
same general principle : the velocity of each particle 
will be that due to the height of the column of air 
which would produce the pressure sustained ; and the 
weight of air being known, as well as the pressure it 
exerts on the earth’s surface, it becomes easy to tell 
what height a column of air, an inch square, and 
of the atmospheric density, would require to be, to 
weigh 15lbs. The height would be 27,818 feet, and 
the velocity which the fall of a body from such a 
height produces would be 1338 feet per second. 


VELOCITY OP FALIJNG BODIES AND MOMENTUM OF 
310V1NG BODIES. 

15. Q * — How do you determine the velocity of 
falling bodies of ditlerent kinds ? 

A * — All bodies fall with the same velocity, when 
there is no resistance from the atmospliere, as is shown 
by the experiment of letting fail, from the top of a tall 
exhausted receiver, a feather and a guinea, which reach 
the bottom at the same time. The velocity of falling 
bodies is one that is accelerated uniformly, according 
to a known law. When the height from which a 
body falls is given, the velocity acquired at the end 
of the descent can be easily computed. It has been 
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found by experiment that the square root of the 
height in feet multiplied by 8*021 will give the 
velocity. 

16. Q, — But the velocity in what terms ? 

A. — In feet per second. The distance through 
which a body falls by gravity in one second is 16 ,V 
feet, in two seconds 64^*h- feet, in three seconds, 144^^2 
feet, in four seconds, 257 j.r feet, and so on. If the 
number of feet fallen tlirough in one second be taken 
as unity, then the relation of the times to the spaces 
will be as follows : — 

Number of seconds .... 1 i 2 

Units of space passed through 1 1 4 

so that it appears that the spaces passed through by a 
falling body are as the squares of the times of falling. 

17 . Q, — Is not the urging force which causes 
bodies to fall the force of gravity ? 

A, — Yes; the force of gravity or the attraction of 
the earth. 

18. Q, — And is not that a uniform force, or a force 
acting with a uniform pressure? 

A . — It is. 

19 . Q. — Therefore during the first second of falling 
as much impelling pressure will be given by tlie Ibrce 
of gravity as during every succeeding second ? 

A, — Undoubtedly. 

20. Q . — How comes it then that while the body 

falls 64 j^ 2 two seconds, it falls only 16-j^jj feet 

in one second ; or why, since it falls only 16yV feet 
in one second, should it fall more than twice 10 
feet in two ? 
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A , — Because IG^V ^eet is tlie average and not the 
luaximum velocity during the first second. The 
velocity acquired af the end of the 1st second is not 
but 32 feet per second, and at the end of the 
2nd second a velocity of 32 feet has to be added ; so 
that the total velocity at the end of the 2nd second 
becomes 64f feet ; at the end of the 3rd, the velocity 
becomes 96^)- feet, at the end of the 4th, 128J feet, 
and so on. These numbers proceed in the progression 
1, 2, 3, 4, &c., so that it appears that the velocities 
acquired by a falling body at diiferent points, are 
simply as the times of falling, or the velocity is simply 
])roportionate to the time during which the force of 
gravity acts. But if the velocities be as th.e times, 
and the total space passed through be as the squares 
of the times, then the total space passed through must 
be as the squares of the velocity ; and as the power 
inherent in a falling body, of any given weight, is 
measurable by the height through wliich it descends, 
it follows that the power inherent in a moving body 
of any weight, or the vis viva as it is sometimes called, 
is proportionate to the square of the velocity. Of t\vo 
balls therefore, of equal weight, but one moving twice 
as fast as the other, the faster ball has four times 
the mechanical force accumulated in it that the slower 
ball has. If the speed of a fly-wheel be doubled, it 
has four limes the vis viva it possessed before — vis 
viva being measurable by a reference to the height 
through which a body must have fallen, to acquire the 
velocity given. 

21. Q. — By what considerations is the vis viva or 
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mechanical energy proper for the liy-wheel of an 
engine determined ? 

A . — By a reference to the power produced every 
half stroke of the engine, joined to the consideration 
of what relation the energy of the fly-wheel rim must 
have thereto, to keep the irregularities of motion 
within the limits which arc admissible. It is found in 
practice, that when the power resident in the fly 
wheel rim, when the engine moves at its average 
speed, is from two and a-half to four times greater 
than the power generated by the engine in one half- 
stroke — the variation depending on the energy in- 
herent in the machinery the engine has to drive and 
the equability of motion requinul — the engine will 
work with sufficient regularity for most ordinary pur- 
poses, but 'where great equability of motion is required, 
it will be advisable to make the power resident in the 
fly-wheel equal to six times the power generated by 
the engine in one half-stroke. 

22. Q. — Can you give a practical rule for deter- 
mining the proper quantity of cast iron for the rim of 
a fly-wheel in ordinary land engines ? 

A . — One rule frequently adopted is as follows; 
Multiply the mean diameter of the rim by the number 
of its revolutions per minute, and square the product 
for a divisor ; divide the number of actual horse power 
of the engine by the number of strokes the piston 
makes per minute, multiply the quotient by th<^ 
constant number 2,760,000, and divide the product by 
the divisor found as above ; the quotient is the requi- 
site quantity of cast iron in cubic feet to form the fly- 
wdicel rim. 
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23. Q — Wliat is Boulton and Watt’s rule for 
finding the dimensions of the fly-wheel ? 

A . — Boulton and Watt’s rule for finding the di- 
mensions of the fly-wheel is as follows: — Multiply 
44,000 times the length of the stroke in feet by the 
square of the diameter of the cylinder in inches, and 
<livide the product by the square of the number of 
revolutions per minute multiplied by the cube of the 
diameter of the fly-wheel in feet. The resulting 
number will be the sectional area of the rim of the 
fly-wheel in square inches. 

CENTRAL FORCES. 

24. Q. — What do you understand by centrifugal 
and centripetal forces ? 

A . — By centrifugal force, I understand the force 
with which a revolving body tends to fly from the 
centre ; and by centripetal force, I understand any 
force which draws it to the centre, or counteracts lluj 
centrifugal tendency. In the conical pendulum, or 
steam engine governor, which consists of two metal 
balls suspended on rods hung from the end of a verti- 
cal revolving shaft, the centrifugal force is manifested 
by the divergence of tlie balls, when the shaft is put 
into revolution ; and the centripetal force, which in 
this instance is gravity, predominates so soon as the 
velocity is arrested ; for the arms then collapse and 
hang by tlic side of the shaft. 

25. Q. — What measures are there of the centrifugal 
force of bodies revolving in a circle ? 

A. — The centrifugal force of bodies revolving in a 
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circle inereiises as the diameter of tlie circle, if tlie 
number of revolutions remain the same. If there be 
two fly-wheels of the same weight, and making tlicj 
same number of revolutions per minute, but the dia- 
meter of one be double that of the other, the larger 
will have double the amount of centrifugal force. The 
centrifugalforce of the same wheels however, increases 
as the square of the velocity ; so that if the velocity of 
a fly-wheel be doubled, it will have four times tlie 
amount of centrifugal force. 

26. Q. — Can you give a rule for determining the 
centrifugal force of a body of a given weight moving 
with a given velocity in a circle of a given di!im(n<*r ? 

A — Yes. If tlie velocity in feet per second be 
divided by 4*01, the square of the quotient will be 
four times the height in feet from which a body must 
have fallen to have acquired that velocity. Divide this 
quadruple height by the diameter of the circle, and the 
quotient is the centrifugal force in terms of the weight 
of the body, so that, multiplying the quotient by the 
actual weight of the body, we have the centrifugal 
force in pounds or tons. Another rule is to multiply 
the square of tlie number of revolutions per minute 
by the diameter of the circle in feet, and to divide the 
product by o,870. The quotient is the centrifugal force 
in terms of the weight of the body. 

27. Q. — II ow do you find the velocity of the body 
when its centrifugal force and the diameter of tlio 
circle in which it moves are given ? 

A . — Multiply the centrifugal force in terms of the 
w^eiglit of the body by the diameter of the circle in 
feet, and multiply the square root of the product by 
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4*01 ; the result will be the velocity of the body in 
feet per second. 

28. Q. — Will you illustrate this by finding tlie 
velocity at which the cast iron rim of a fly-wheel 10 
feet in diameter would burst asunder by its centrifugal 
force ? 

— If we take the tensile strength of cast iron at 
15,000 lbs. j>er square inch, a fly-wheel rim of one 
square inch of sectional area would sustain 30,000 lbs. 
If we suppose one half of the rim to be so lix(*.d to tlie 
shaft as to be incapable of detachment, then the cen- 
trifugal force of the other half of the rim at tlie moment 
of rupture must be equal to 30,000 lbs. Now 30,0001bs. 
divided by 49*48 (the weight of the half rim) is equal 
to 606*3, which is the centrifugal force in terras ol‘ the 
weight. Then by the rule given in the last answer 
()06‘3 X 10 = 6063, the square root of which is 78 
nearly, and 78 x 4*01 = 312*78, the velocity of the 
rim in feet per second at the moment of rupture. 

29. Q. — What is the greatest velocity at which it 
is safe to drive a cast iron fly-wheel. 

A . — If we take 2,000 lbs, as the utmost strain per 
square inch to which cast iron can be permanently 
subjected with safety ; then, by a similar process to 
that just explained, we have 4,000 lbs. --49*48 = 80*8 
which multiplied by 10 = 808, the square root of which 
is 28*4, and 28*4 x 4 01 = 113*884, the velocity of 
the rira in feet per second, which may be considered 
as the highest consistent w'ith safety. Indeed, this 
limit should not bt3 approached in practice on account 
of the risks of fracture from weakness or imperfec- 
tions in the metal. 

30. Q. — What is the velocity at which the wheels 



r, LUSTING VELOCITY OP RAILWAY TIRES. 15 

of railway trains may run if we take 4,000 lbs. per 
square inch as the greatest strain to which malleable 
iron should be subjected? 

A , — The weight of a malleable iron rim of one 
square inch sectional area and 7 feet diameter is 
21*991 feet X 3*4 lbs = 74*76, one half of which is 
37*4 11)3. Then by the same process as before, 8,000—- 
37*4 = 213*9, the centrifugal force in terms of tbe 
weight : 213*9 x 7, the diameter of the wheel = 1497*3, 
the square root of which, 38*3 x 4*01 = 155*187 feet 
per second, the highest velocity of the rims of railway 
carriage wheels that is consistent with safety. 155*187 
feet per second is equivalent to 105*8 miles an hour. 
As 4,000 lbs. per square inch of sectional area is the 
utmost strain to which iron should be exposed in 
machinery, railway wheels can scarcely be considered 
safe at speed even considerably under 100 miles an 
hour, unless so constructed that the centrifugal force 
of the rim will be counteracted, to a material extent, 
by the centripetal action of the arms. Hooped wheels 
are very unsafe, unless tlie hoops are, by some process 
or other, firmly attached to the arms. It is of no use 
to increase the dimensions of the rim of a wheel with 
the view of giving increased strength to counteract 
the centrifugal force, as every increase in the weight 
of the rim will increase the centrifugal force in the 
same proportion. 

CENTRES OF GRAVITY, GYRATION, AND OSCILLATION. 

31. Q. — What do you understand by the centre of 
gravity of a body ? 
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A * — That point within it, in which the whole of 
the weight may be supposed to be concentrated, and 
which continually endeavours to gain the lowest pos- 
sible position. A body hung in the centre of gravity 
will remain at rest in any position. 

32. Q . — What is meant by tlje centre of gyration? 

A, — The centre of gyration is that point in a re 

volving body in which the wdiole momentum may be 
conceived to be concentrated, or in which the wdiole 
effect of the momentum resides. If the ball of a 
governor were to bo moved in a straight line, the 
momentum might bo said to be concentrated at the 
centre of gravity of tin; ball ; but inasmuch as, by 
its revolution round an axis, the part of the ball 
farthest removed from tlie axis moves more quickly 
than the part nean'st to it, the momentum cannot be 
supposed to be concentrated at the centre of gravity, 
but at a point further removed from the central shaft, 
and that point is what is called the centre of gyration. 

33, Q. — What is the centre of oscillation ? 

A. — The centre of oscillation is a point in a pendu- 
lum or any swinging bod}", such, that if all the matter 
of the body were to be collected into tliat point tin*, 
velocity of its vibration Avould remain unaffected. It 
is in fact the mean distance from the centre of sus- 
pension of every atom, in a ratio which happens not 
to be an arithmetical one. Tlie centre of oscillation 
is always in a line passing through the centre of sus- 
pension, and the centre of gravity. 
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THE PENDULUM AND GOVERNOR. 

34. Q. — By what circumstance is the velocity of 
vibration of a pendulous body determined ? 

A . — By the length of the suspending rod only, or, 
more correctly, by the distance between the centre of 
suspension and the centre of oscillation. The length 
of the arc described does not signify, as the times of 
vibration will be the same, whether the arc be the 
fourth or the four hundredth of a circle, or at least 
they will be nearly so, and would be so exactly, if 
the curve described were a portion of a cycloid. In 
the pendulums of clocks, therefore, a small arc is pre- 
ferred, as there is, in that case, no sensible deviation 
from the cycloidal curve, but in other respects the 
size of the arc does not signify. 

35. Q. — If then the length of a pendulum be given, 
can the number of vibrations in a given time be de- 
termined ? 

A. — Yes ; the time of vibration bears the same re- 
lation to the time in which a body would fall through 
a space equal to half the length of the pendulum, 
that the circumference of a circle bears to its dia- 
meter. The number of vibrations made in a given 
time by pendulums of different lengths, is inversely 
as the square roots of their lengths. 

36. Q. — Then when the length of the second’s pen- 
dulum is known, the proper length of a pendulum to 
make any given number of vibrations in the minute 
can readily be computed ? 

A, — Yes; the length of the second’s pendulum 
o 
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being known, the length of another pendulum, required 
to perform any given number of vibrations in the 
minute, may be obtained by the following rule : mul- 
tiply the square root of the given length by 60, and 
divide the product by the given number of vibrations 
per minute ; the square of the quotient is the length 
of pendulum required. Thus if the length of a pen- 
dulum were required that would make 70 vibra- 
tions per minute in the latitude of London, then 

3 . ) 1 d9d ^ = 5 .3(^32 ^ 28 -To in., which is the length 

required. 

37. Q. — Can you explain how it comes that the 
length of a pendulum determines the number of vibra- 
tions it makes in a given time ? 

A. — Because the length of the pendulum determines 
the steepness of the circle in wliicth the body moves, 
and it is obvious, that a body will descend more ra- 
pidly over a steep inclined plane, or a steep arc of a 
circle, than over one in wdiich there is but a slight 
inclination. The impelling force is gravity, which 
urges the body with a force proportionate to the dis- 
tance descended, and if the velocity due to the descent 
of a body through a given height be spread over a 
great horizontal distance, the speed of the body must 
be slow in proportion to the greatness of that distance. 
It is clear, therefore, that as the length of the pendu- 
lum determines the steepness of the arc, it must also 
determine the velocity of vibration. 

38. Q. — If the motions of a pendulum be dependent 
on the speed with which a body falls, then a certain 
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ratio must subsist between the distance through which 
a body falls in a second, and the length of the second's 
pendulum ? 

A. — And so there is; the length of the second’s 
pendulum at the level of the sea in London, is 39*1393 
inches, and it is from the length of the second’s pen- 
dulum that the space through which a body falls in a 
second has been determined. As the time in wliicli 
a pendulum vibrates is to the time in which a heavy 
body falls through half the length of the pendulum, as 
the circumference of a circle is to its diameter, and as 
the height through which a body falls is as the square 
of the time of falling, it is clear that the height through 
which a body will fall, during the vibration of a pen- 
dulum, is to half the length of the pendulum as the 
square of the circumference of a circle is to the square 
of its diameter, namely, as 9*8696 is to 1 ; or it is to 
the whole length of the pendulum as the half of this, 
namely 4*9348, is to 1; and 4*9348 times 39*1393 
inches is 16 and 1-12 feet very nearly, which is the 
space through which a body falls by gravity in a 
second. 

39. Q. — Are the motions of the conical pendulum 
or governor reducible to the same laws which apply W 
the common pendulum ? 

A , — Yes ; the motion of the conical pendulum may 
be supposed to be compounded of the motions of two 
common pendulums, vibrating at right angles to one 
another, and one revolution of a conical pendulum will 
be performed in the same time as two vibrations of a 
common pendulum, of which the length is equal to the 
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vertical height of the point of suspension above the 
plane of revolution of the balls. 

40. Q. — Ts not the conical pendulum or governor of 
a steam engine driven by the engine ? 

A, — Yea. 

41. Q , — Then will it not be driven round as any 
^ther mechanism would be at a speed proportional to 
that of the engine ? 

will. 

42. Q. — Then how can the length of the arms 
aflTect the time of revolution ? 

A . — By Hying out until they assume a vertical 
height answering to the velocity with whicdi they 
rotate round the central axis. As the speed is in- 
creased the balls expand, and the height of the cone 
described by the arms is diminished, until its vertical 
height is such that a pendulum of that length would 
perform two vibrations for every revolution of the 
governor. By the outward motion of the arms, they 
partially shut off the steam from the engine. If, 
therefore, a certain expansion of the balls be desired, 
and a certain length be fixed upon for the arms, so 
that the vertical height of the cone is fixed, then the 
speed of the governor must be such, that it wdll make 
half the number of revolutions in a given time that a 
pendulum equal in length to the height of the cone 
would make of vibrations. The rule is, multiply the 
square root of the lieight of the cone in inches by 
0*31986, and the product will be the right time of re- 
volution in seconds. If the number of revolutions and 
the length of the arms be fixed, and it is wanted tc^ 
know what is the diameter of the circle described by 
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the balls, you must divide the constant number 187*o8 
by the number of revolutions per minute, and the 
square of the quotient will be the vertical height in 
inches of the centre of suspension above the plane of 
tlie balls* revolution. Deduct the square of the vertical 
height in inches from the square of the length of the 
arm in inches, and twice the square root of tlie re- 
mainder is the diameter of the circle in which the 
centres of the balls revolve. 

43. Q — Cannot the operation of a governor bo de- 
duced merely from the consideration of centrifugal and 
centripetal forces ? 

A . — It can, and by a very simple process. Tlie 
liorizontal distance of the arm from the spindle divided 
by the vertical height, will give the amount of centri- 
])etal force, and the velocity of revolution requisite to 
produce an equivalent centrifugal force may be found 
by multiplying the centripetal force of the ball in terms 
of its own weight by 70,440, and dividing the product 
by the diameter of the circle made by the centre of the 
ball in inches; tlie square root of the quotient is the 
j lumber of revolutions per minute. By this rule you 
11 X the length of the arjns, and the diameter of the 
base of the cone, or, what is the same thing, the angle 
at which it is desired the arms shall revolve, and you 
t!ien make the speed or number of revolutions sucli, 
that the centrifugal force will keep the balls in tlie 
desired position. 

44. Q. — Does not the weight of the balls affect the 
question ? 

A , — Not in the least; each ball may be supposed 
to be made up of a number of small balls or particles, 
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and each particle of matter will act for itself. Heavy 
balls attached to a governor are only requisite to over- 
come the friction of the throttle valve w’^hich shuts off 
the steam, and of the connections leading thereto. 
Though the weight of a ball increases its centripetal 
force, it increases its centrifugal force in the same pro- 
portion. 


THE MECHANICAL POWEIlS. 

45, Q, — What do you understand by the mechanical 
powers ? 

A, — The mechanical powers are certain contri- 
vances, such as the wedge, the screw, the inclined 
plane, and other elementary machines, which convert 
a small force acting through a great space into a great 
force acting through a small space. In the school 
treatises on mechanics, a certain number of these de- 
vices are set forth as the mechanical powers, and each 
separate device is treated as if it involved a separate 
principle ; but not a tithe of the contrivances which 
accomplish the stipulated end are represented in these 
learned works, and there is no very obvious neces- 
sity for considering the principle of each contrivance 
separately when the principles of all are one and the 
same. Every pressure acting with a certain velocity, 
or through a certain space, is convertible into a greater 
pressure acting with a less velocity, or through a 
smaller space ; but the quantity of mechanical force 
remains unchanged by this transformation, and all 
that the implements called mechanical powers accom- 
plish is to effect this transformation. 
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46. Q — Is there no power gained by the lever ? 

A , — Not any : the power is merely put into another 

shape, just as the contents of a hogshead of porter are 
the same, whether they be let off by an inch tap or by 
a hole a foot in diameter. There is a greater ,gush in 
the one case than the other, but it will last a sliorte? 
time ; when a lever is used there is a greater force 
exerted, but it acts through a shorter distance. It 
requires just the same expenditure of mechanical 
power to lift 1 lb. tlirough 100 ft., as to lift 100 lbs. 
through 1 foot. A cylinder of a given cubical ca- 
pacity will exert the same power by each stroke, 
whether the cylinder be made tall and narrow, oi 
short and wide ; but in the one case it will raise a 
small weight through a great height, and in the other 
case, a great weight through a small height, 

47. Q. — Is there no loss of power by the use of 
the crank ? 

A . — Not any. Many persons have supposed that 
there was a loss of power by the use of the crank, be- 
cause at the top and bottom centres it is capable of 
exerting little or no power ; but at those times there 
is little or no steam consumed, so that no waste of 
power is occasioned by the peculiarity. Those who 
imagine that there is a loss of power caused by the 
crank perplex themselves by confounding the vertical 
with the circumferential velocity. If the circle of 
the crank be divided by any number of equidistant 
horizontal lines, it will be obvious that there must be 
the same steam consumed, and the same power ex- 
pended, when the crank pin passes from the level of 
one line to the level of the other, in whatever part of 
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the circle it may be, those lines being indicative of 
equal ascents or descents of the piston. But it will 
be seen that the circumferential velocity is greater 
with the same expenditure of steam when the crank 
pin approaches the top and bottom centres ; and this 
increased velocity exactly compensates for the di- 
minished leverage, so that there is the same power 
given out by the crank in each of the divisions. 

48. Q. — Have no plans been projected for gaining 
power by means of a lever ? 

A, — Yes, many plans, — some of them displaying 
much ingenuity, but all displaying a complete igno- 
rance of the first principles of mechanics, which teach 
that power cannot be gained by any multiplication of 
levers and wheels. I have occasionally heard persons 
say : “ Y’ou gain a great deal of power by the use of a 
capstan ; why not apply the same resource in the 
case of a steam vessel, and increase the power of 
your engine by placing a capstan motion between 
the engine and paddle wheels?” Others I have heard 
say ; “ By the hydraulic press you can obtain un- 
limited power ; why not then interpose a hydraulic 
j)reas between the engines and the paddles?” To 
these questions the reply is sufiiciently obvious 
Whatever you gain in force you lose in velocity ; 
and it would benefit you little to make the paddles 
revolve with ten times the force, if you at the same 
time caused them to make only a tenth of the 
number of revolutions. You cannot, by any com- 
bination of mechanism, get increased force and in- 
creased speed at the same time, or increased force 
without diminished speed ; and it is from the ig- 
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norance of this inexorable condition, that such myriads 
of schemes for the realisation of perpetual motion, 
by combinutions of levers, weights, wheels, quick- 
silver, cranks, and other mere pieces of inert matter, 
have been propounded. 

49. Q. — Then a force once called into existence 
cannot be destroyed ? 

A. — No; force is eternal, if by force you mean 
power, or in other words pressure acting through space. 
But if by force you mean mere pressure, then it 
furnishes no measure of power. Power is not mea- 
surable by force, but by force and velocity combiued. 

50. Q . — Is not power lost when two moving bodies 
strike one another and come to a state of rest ? 

A . — No, not even then. The bodies if elastic will 
iv^bound from one another with their original velocity ; 
if not elastic they will sustain an alteration of form, 
and heat or electricity will be generated of equivalent 
value to the power which has disappeared. 

51. Q. — Then if mechanical power cannot be lost, 
and is being daily called into existence must not there 
be a daily increase in the powfjr existing in the world ? 

A . — That appears probable unless it flows back in 
the shape of heat or electricity to the celestial spaces. 
The source of mechanical power is the sun which ex- 
lialcs vapours that descend in rain, to turn mills, or 
which causes winds to blow by the unequal rarefaction 
of the atmosphere. It is from the sun too that the 
power comes which is liberated in a steam engine. 
The solar rays enable plants to decompose carbonic 
acid gas, the product of combustion, and the vegetation 
thus rendered possible is the source of coal and other 
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combustible bodies. The combustion of coal under 
a steam boiler therefore merely liberates the power 
which the sun gave out thousands of years before. 

FRICTION. 

52. Q. — What is friction? 

A , — Friction is the resistance experienced when 
one body is rubbed upon another body, and is supposed 
to be the result of the natural attraction which bodies 
have for one another, and of the interlocking of tlie 
impalpable asperities upon the surfaces of all bodies, 
and these combined agencies produce such internal 
motions among the particles of a rubbing surface as 
to generate heat, which heat will always be of equi- 
valent value to the power expended in overcoming the 
friction. It is found that as much power is expended 
in heating a pound of water one degree by friction, as 
would raise a pound weight 772 feet high ; and this 
measure of power is consequently termed the mecha-' 
?iical equivalent of the heat. The friction of smooth 
rubbing substances is less when the composition of 
those substances is diflPerent, than when it is the 
same, the particles being supposed to interlock less 
when the opposite prominences or asperities are not 
coincident. 

53. Q. — Does friction increase with the extent of 
rubbing surface ? 

A* — ^No ; the friction, so long as there is no violent 
heating or abrasion, is simply in tlie proportion of the 
j>ressure keeping the surfaces together, or nearly so. 
It is, therefore, an obvious advantage to have the 
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bearing surfaces of steam engines as large as possible, 
as there is no increase of friction by extending the 
surface, while there is a great increase in the dura- 
bility. When the bearings of an engine are made too 
small, they very soon wear out. • 

64, Q — Does friction increase in the same ratio as 
velocity ? 

A.- — ^No ; friction docs not increase with the velo- 
city at all, if the friction over a given amount of sur- 
face be considered;* but it increases as the velocity, 
if the comparison be made with the time during wliicli 
the friction acts. Thus the friction of each stroke of 
a piston is the same, whether it makes 20 strokes in 
the minute, or 40 : in the latter case, however, there 
ai’e twice the number of strokes made, so that, thougli 
the friction per stroke is the same, the friction per 
minute is doubled. The friction, therefore, of any 
machine per hour varies as the velocity, though tlie 
friction per revolution remains, at all ordinary velo- 
cities, the same. Of excessive velocities we have not 
sufficient experience to enable us to state witli con- 
fidence whether the same law continues to operate 
among them. 

55. Q . — Can you give any approximate statement 
of the force expended in overcoming friction? 

A, — It varies with the nature of the rubbing bodies. 
The friction of iron sliding upon iron, has generally 
been taken at about one-tenth of the pressure, when 
the surfaces are oiled and then wiped again, so that 
no film of oil is interposed. The friction of iron rub- 

* This statement refers only to the friction of solids, and not 
of liquids, which comes under a different law, as explained at 
page 361. 
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bing upon brass lias generally been taken at about 
one-eleventh of the pressure under the same circum- 
stances ; but in machines in actual operation, where 
a film of some lubricating material is interposed be- 
tween the rubbing surfaces, it is not more than one- 
third of tliis amount or -y^rd of the weight. While 
tiiis, however, is the average result, the friction is a 
good deal less in some cases. JMr. Southern, in some 
experiments upon the friction of the axle of a grind- 
stone — an account of which may be found in the 65th 
volume of the Philosophical Transactions — found the 
friction to amount to less than of the weight ; and 
IMr. Wood, in some experiments upon the friction of 
locomotive axles, found that by ample lubrication the 
friction might be made as little as of the weight. 
In some experiments upon the friction of shafts by Mr. 
G. Rennie, be found that with a pressure of from 1 
to 5 cwt. the friction did not exceced -rj^^^th of the 
})ressure when tallow was the unguent employed ; with 
soft soap it became The fact appears to be that 

the amount of the resistance denominated friction 
depends, in a great measure, upon the nature of the 
unguent employed, and in certain cases the viscidity of 
the unguent may occasion a greater retardation than 
the resistance caused by the attrition. In watchwork 
therefore, and other fine mechanism it is necessary 
both to keep the bearing surfaces small, and to employ 
a thin and limpid oil for the purpose of lubrication, for 
the resistance caused by the viscidity of the unguent 
increases with the amount of surface, and the amonnt 
of surface is relatively greater in the smaller class of 
works. 
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56. Q . — Is a very thin unguent preferable also for 
the larger class of bearings ? 

A, — The nature of the unguent, proper for different 
bearings, appears to depend in a great measure upon 
the amount of the pressure to which the bearings are 
subjected, — the hardest unguents being best where 
the pressure is greatest. The function of lubricating 
substances is to prevent the rubbing surfaces from 
coming into contact, whereby abrasion would be pro- 
duced, and unguents are effectual in this respect in 
the proportion of their viscidity ; but if the viscidity 
of the unguent be greater than what suffices to keep 
the surfaces asunder, an additional resistance will be 
occasioned ; and the nature of the unguent selected 
should always have reference, therefore, to the size of 
the rubbing surfaces, or to the pressure per square 
inch upon them. With oil the friction appears to be 
a minimum when the pressure on the surface of a 
bearing is about 90 lbs. per square inch. The friction 
from too small a surface increases twice as rapidly as 
the friction from too large a surface, added to which, 
the bearing, when the surface is too small, wears ra- 
pidly away. 

57. Q. — Has not M. Morin, in France, made some 
very complete experiments to determine the friction 
of surfaces of different kinds sliding upon one 
another ? 

A, — He has ; but the result does not differ mate- 
rially from what is stated above, though, upon the 
whole, M. Morin found the resistance due to friction 
to be somewhat greater than it has been found to be 
by various other engineers. When the surfaces were 
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merely wiped with a greasy cloth, but had no film of 
lubricating material interposed, the friction of brass 
upon cast iron he found to be *107, or about of 
the load, which was also the friction of cast iron upon 
oak. But when a film of lubricating material was 
interposed, he found that the friction was the same 
whether the surfaces were wood on metal, wood on 
wood, metal on wood, or metal on metal; and the 
amount of the friction in such case depended chiefly 
on the nature of the unguent. With a mixture of 
hogs’ lard and olive oil interposed between the sur- 
faces, the friction was usually from -j^gth to -j^^^th of 
the load, but in some cases it was only ^\yth of the 
load. 

58. Q . — May water bo made to serve for purposes 
of lubrication ? 

A, — Yes, water will answer very well if the surface 
be very large relatively with the pressure ; and in screw 
vessels where the propeller shaft passes through a long 
[)ipe at the stern, the stuffing box is purposely made 
u little leaky. The small leakage of water into the 
vessel which is thus occasioned, keeps the screw shaft 
in this situation always wet, and this is all the lubri- 
cation which this bearing requires or obtains. 

59. <?. — What is the utmost pressure which may 
be employed without heating when oil is the lubri- 
cating material ? 

A . — That will depend upon the velocity. When 
the pressure exceeds 800 lbs. per square inch, however, 
upon the section of the bearing in a direction pa- 
r^lel with the axis, then the oil will be forced out and 
the bearing will necessarily heat. 
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GO. Q, — But, with a given velocity, can you tell the 
limit of pressure which will be safe in practice or with 
a given pressure can you tell tlie limit of velocity ? 

— Yes that may be done by the following empi- 
rical rule wliich has been derived from observations 
made upon bearings of different sizes and moving witli 
different velocities. Divide the number 70,000 by 
the velocity of the surface of the bearing in feet per 
minute. The quotient will be the number of pounds 
per square inch of section in the line of the axis tliat 
may be put upon the bearing. Or, if we divide 70,000 
by the number of pounds per square inch of section, 
them tlie quotient will be the velocity in feet per 
minute at which the circumference of the bearing 
may work. 

61. Q. — The number of square inches upon which 
the pressure is reckoned, is not the circumference 
of the hearing multiplied by its length but the dia- 
meter of the bearing multiplied by its length ? 

A , — Precisely so, it will be the diameter multiplied 
by the length of the hearing. 

62. Q , — What is the amount of friction in the case 
of surfaces sliding upon one another in sandy or muddy 
water — such surfaces, for example, as are to be found 
in the sluices of valves for water ? 

A . — Various experiments have been made by Mr. 
Summers of Southampton to ascertain the friction of 
brass surfaces sliding upon each other in salt-water, 
with the view of finding the power required for moving 
sluice doors for lock-gates and for other similar pur- 
poses. The surfaces were planed as true and smooth 
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as the planing machine would make them, but were 
not filed or scraped, and the result was as follows ; — 


Area of Slide 
rubbing Surface. 

Weight or Pressure 
ou rubbing 
Surface. 

Power required to move 
the Slide slowly in muddy 
Salt Water, kept stirred up. 

In. 

lb. 

lb. 

8 

66 

21-5 

»» 

112 

44- 


168 

65*5 

»♦ 

224 

88-5 


336 

140*5 

»» 

448 

170*:5 


Tig. I . 


Skotrh of Sli.l- 




The facing oa which the slide moved was similar, but three or four 
times as lung. 


These results \^ ere the average of eight fair trials: 
in each case, the sliding surfaces were totally immersed 
in muddy salt-water, and although the apparatus 
used for drawing the slide along was not very de- 
licately fitted up, the power required may be con- 
sidered as a sufficient approximation for practical 
purposes. 

It appears from these experiments, that rough sur- 
faces follow the same law as regards friction that is 
followed by smooth, tor in each case the friction in- 
creases directly as the pressure. 
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STRENGTH OF MATERIALS AND STRAINS SUBSISTING 
IN MACHINES. 

03. Q. — In what way are the strengths of tlie dif- 
ferent parts of a steam engine determined ? 

— }iy reference to the amount of the strain or 
pressure to which they are subjected, and to the 
cohesive strength of tlie iron or other material of wliich 
they are composed. The strains subsisting in engines 
are usually characterised as tensile, crushing, twisting, 
breaking, and shearing strains ; but they may be all 
resolved into strains of extension and strains of com- 
jircssion ; and by the power of the materials to resist 
these two strains, will their practical strength be 
measurable. 

G4. Q. — What are the ultimate strengths of tlie 
malleable anti cast iron, brass, and other materials 
employed in the construction of engines? 

A, — The tensile and crushing strengths of any 
given material are by no means the same. The 
tensile strength, or strength when extended, of good 
bar iron is about 60,000 lbs., or nearly 27 tons per 
square inch of section; and the tensile strength of 
cast iron is about 15,000 lbs., or say 6| to 7 tons per 
square inch of section. These are the weights which 
are required to break them Tlie crushing strain ol 
cast iron, however, is about 100,000 lbs., or 44^ tons ; 
whereas the crushing strength of malleable iron is not 
more than 27,000 lbs., or 12 tons, per square inch of 
section, and indeed it is generally less than this. Tlie 
ultimate tensile strength, therefore, of malleable iron is 
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four times greater than that of cast iron, but the crushing 
strength of cast iron is between three and four times 
greater than that of wrought iron. It may be stated, 
in round numbers, that the tensile strength of malle- 
able iron is twice greater than its crusliing strength ; 
or, in other words, that it will take twice the strain to 
break a bar of malleable iron by drawing it asunder 
endways, than will cripple it by forcing it together 
endways like a pillar ; whereas a bar of cast iron will 
be drawn asunder with one sixth of the force that 
will be required to break or cripple it when forced 
together endways like a pillar. 

65. Q. — What is the cohesive strength of steel ? 

A. — The ultimate tensile strength of good cast oi 

blistered steel is about twice as great as that ol 
wrought iron, being about 130,000 lbs. per square 
inch of section. The tensile strength of gun metal, 
such as is used in engines, is about 36,000 lbs. per 
square inch of section ; of wrought copper about 
33,000 lbs.; and of cast copper about 19,000 lbs. per 
square inch of section. 

66. Q. — Is the crushing strength of steel greater 
or less than its tensile strength ? 

A. — It is about twice greater. A good steel punch 
will punch through a plate of wrought iron of a 
thickness equal to the diameter of the punch. A 
punch therelbre of an inch diameter will pierce a plate 
an inch thick. Now it is well known, that the strain 
required to puncii a piece of metal out of a plate, is 
just the same as that required to tear asunder a bar of 
iron of the same area of cross section as the area of 
the surface cut. The area of the surface cut in this 
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case will be the circumference of the punch, 3’ 14 16 
inches, multiplied by the thickness of the plate, 1 inch, 
which makes the area of the cut surface 3*1416 
square inches. The area of the point of the punch 
subjected to the pressure is *7854 square inches, so 
that the area cut to the area crushed is as four to one. 
In other words, it will require four times the strain to 
crush steel that is required to tear asunder malleable 
iron, or it will take about twice the strain to crush 
steel that it will require to break it by extension. 

67. Q. — What strain may be applied to malleable 
iron in practice ? 

A. — A bar of wrought iron to which a tensile or 
compressing stx’ain is applied, is elongated or con- 
tracted like a very stiff spiral spring, nearly in the 
proportion of the amount of strain applied up to the 
limit at which the strength begins to give way, and 
within this limit it will recover its original dimensions 
when, the strain is removed. If, however, the strain 
be carried beyond this limit, the bar will not recover 
its original dimensions, but will be permanently 
pulled out or pushed in, just as would happen to a 
spring to which an undue strain had been applied. 
This limit is what is called the limit of elasticity ; and 
whenever it is exceeded, the bar, though it may not 
break immediately, will undergo a progressive dete- 
rioration, and will break in the course of time. The 
limit of elasticity of malleable iron when extended, 
or, in other words, the tensile strain to which a bar of 
malleable iron an inch square may be subjected with- 
out permanently deranging its structure, is usually 
taken at 17,800 lbs., or from that to 10 tons, depend- 
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ing on the quality of the iron. It has also been 
found that malleable iron is extended about one ten 
thousandth part of its length for every ton of direct 
strain applied to it. 

68, Q. — What is the limit of elasticity of cast 
iron? 

A , — It is commonly taken at 15,300 lbs. per square 
inch of section ; but this is certainly much too high, 
as it exceeds the tensile strength of irons of medium 
quality. A bar of cast iron if compressed ])y weights 
will be contracted in lengtli twice as much as a bar 
of malleable iron under similar circumstances ; but 
malleable iron when subjected to a greater strain than 
12 tons per square inch of section, gradually crumples 
up by the mere continuance of tlie weight. A cast 
iron bar one inch square and ten feet long, is short- 
ened about one tenth of an inch by a compressing 
force of 10,000 lbs., whereas a malleable iron bar of 
the same dimensions would require to shorten it 
equally a compressing force of 20,000 lbs. As the 
load, however, approaches 12 tons, the compressions 
become nearly equal, and above that point the rate of 
the compression of the malleable iron rapidly in- 
creases. A bar of cast iron, 'when at its breaking 
point by the application of a tensile strain, is stretched 
about one six hundredth part of its length ; and an 
equal strain employed to compress it, would shorten it 
about one eight hundredth part of its length. 

69. Q. — But to what strain may the iron used in 
the construction of engines bo safely subjected ? 

A. — The most of the working parts of modern 
engines are made of malleable iron and the utmost 
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stniin to which wrought iron should be subjected in 
machinery is 4000 lbs. per square inch of section. 
Cast iron should not be subjected to more than luilf of 
this. In locomotive boilers the strain of 4000 lbs. 
per square inch of section is sometimes exceeded by 
nearly one half ; but such an excess of strain approaches 
the limits of danger. 

70. Q . — Will you explain in what way the various 
strains subsisting in a steam engine may be resolved 
into tensile and crushing strains ; also in what way 
the magnitude of those strains may be determined ? 

A. — To take the case of a beam subjected to a 
transverse strain, such as the great beam of an engine, 
it is clear, if we suppose the beam brokcni tlirough 
the middle, that the amount of strain at the upper 
and lower edges of the beam, where the whole strain 
may he supposed to be collected, will, with any given 
pressure on the piston, depend uf)on the proportion 
of the length to the depth of the beam. One edge of 
the beam breaks by extension, and the other edge by 
compression; and the upper and lower edges may hi.‘ 
regarded as pillars, one of which is extended by the 
strain, and the other is compressed. If, to make an 
extreme supposition, the depth of the beam is taken 
as equal to its length, then the pillars answering to 
the edges of the beam will be compressed, and ex- 
tended by what is virtually a bell-crank lever with 
equal arms; the horizontal distance from the main 
centre to the end of the beam being one of the arms, 
and the vortical height from the main centre to the 
top edge of the beam being the other arm. Tho 
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distance, therefore, passed through by the fractured 
edge of the beam during a stroke of the engine, will 
be equal to the length of the stroke ; and the strain it 
will have to sustain will consequently be equal to the 
pressure on the piston. If its motion were only half 
that of the piston, as would be the case if its depth 
were made one half less, the strain the beam would 
have to bear would be twice as great ; and it may be 
set down as an axiom, that the strain u{)on any part 
of a steam engine or other machine is inversely equal 
to the strain produced by the prime mover, multiplied 
by the comparative velocity with which the part in 
question moves. If any part of an engine moves 
with a less velocity than the piston, it will have a 
greater strain on it, if resisted, than is thrown upon 
the piston. If it moves with a greater velocity than 
the piston, it will have a less strain upon it, and the 
difference of strain will in every case be in the in- 
verse proportion of the difference of the velocity. 

71. Q- — Then, in computing the amount of metal 
necessary to give due strength to a beam, the first 
point is to determine the velocity with which the 
edge of the beam moves at that point where the strain 
is greatest ? 

A, — The web of a cast iron beam or girder 
serves merely to connect the upper and lower edges 
or flanges rigidly together, so as to enable the ex- 
tending and compressing strains to be counteracted in 
an effectual manner by the metal of those flanges. 
It is only necessary, therefore, to make the flanges of 
suflicient strength to resist effectually the crushing 
and tensile strains to which they are exposed, and 
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to make the web of the beam of sufficient strength to 
prevent a distortion of its shape from taking place. 

72. Q. — Is the strain greater from being moveable 
or intermittent than if it was stationary ? 

A, — Yes ; it is nearly twice as great from being 
moveable. Engineers are in the habit of making gir- 
ders intended to sustain a stationary load, about three 
times stronger than the breaking weiglit ; but if the 
load be a moveable one, as is the case in the girders 
of railway bridges, tlu^y make the strength equal to 
six times the breaking weight. 

73. Q. — Then the strain is increased by the sud- 
denness with which it is applied ? 

A, — If a weight be placed on a long and slen- 
der beam propped up in the middle, and the prop 
be suddenly withdrawn, so as to allow deflection to 
take place, it is clear that the deflection must be 
gn^ater than if the load had been gradually applied. 
The momentum of the weight and also of the beam 
itself falling through the space through which it has 
been deflected, has necessarily to be counteracted by 
the elasticity of the beam ; and the beam will, there- 
fore, be momentarily bent to a greater extent than 
what is due to the load, and after a few vibrations up 
and down it will finally settle at that point of de- 
flection which the load properly occasions- It is 
obvious that such a beam must be strong enough, not 
merely to sustain the pressure due to the load, but 
also that accession of pressure due to the counteracted 
momentum of the weight and of the beam itself. 
Although in steam engines the beam is not loaded by 
a w'cight, but by the pressure of the steam yet the 
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momentum of the beam itself must in every case be 
counteracted, and the momentum will be considerable 
in every case in which a large and rapid deflection 
takes place. A rapid deflection increases the amount 
of the deflection as well as the amount of the strain, 
as is seen in the cylinder cover of a Cornish pumping 
engine, into which the steam is suddenly admitted, 
and in which tlje momentum of the particles of the 
metal put into motion increases the deflection to an 
extent sucli as the mere pressure of the steam could 
n()t produce. 

74. Q. — What will be the amount of increased 
strain consequent upon deflection? 

A. — TJie momentum of any moving body being 
proportional to tlie square of its velocity, it follows 
that the strain will be proportional to the square of 
the amount of deflection produced in a specified time. 

75. Q. — But w’ill not the inertia of a beam resist 
deflection, as well as the momentum increase de- 
flection ? 

A, — No doubt that will be so ; but whether in 
practical cases increase of mass without reference to 
strcMigth or load will, upon the whole, increase or 
diminish deflection, will depend very much upon the 
magnitude of the mass relatively with the magnitude 
of the deflecting pressure, and the rapidity with which 
tliat pressure is applied and removed. Thus if a 
force or 'sveight be very suddenly applied to the 
middle of a ponderous beam, and be as suddenly with- 
drawn, the inertia of the beam will, as in the case of 
the collision of bodies, tend to resist the force, and 
thus obviate deflection to a considerable extent ; but 
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if the pressure be so long continued as to produce the 
amount of deflection due to the pressure, the effect of 
the inertia in that case will be to increase the de- 
flection. 

76. Q. — Will the pressure given to the beam 
of an engine in different directions facilitate its frac- 
ture ? 

A. — Iron beams bent alternately in opposite di- 
rections, or alternately deflected and released, will 
be broken in the course of time with a much less 
strain than is necessary to produce immediate frac- 
ture. It has been found, experimentally, that a cast 
iron bar. deflected by a revolving cam to only half the 
extent due to its breaking weight, will in no case 
withstand 900 successive deflections ; but, if bent by 
the cam to only one third of its ultimate deflection, 
it will withstand 100,000 deflections without visible 
injury. Looking, however, to the jolts and vibra- 
tions to which engines are subject, and the suddtm 
strains sometimes thrown upon them, either from 
water getting into the cylinder or otherwise, it docs 
not appear that a strength answ'ering to six times the 
breaking weight will give sufficient margin lor safety 
in the case of cast iron beams. 

77. Q. — Does the same law hold in the case of tlie 
deflection of malleable iron bars ? 

A, — In the case of malleable iron bars it has 
been found that no very perceptible damage was 
caused by 10,000 deflections, each deflection being 
such as was due to half the load that produced a 
large permanent deflection. 

78. Q. — The power of a rod or pillar to resist 
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compression becomes very little when the diameter is 
small and the length great ? 

^ The power of a rod or pillar to resist com- 

pression, varies nearly as the fourth power of the 
diameter divided by the square of the length. In 
the case of hollow cylindrical columns of cast iron, it 
has been found, experimentally, that the 3’55th power 
of the internal diameter, subtracted from the 3*5oth 
power of the external diameter, and divided by the 
l*7th power of the length, will represent the strength 
very nearly. In the case of hollow cylindrical co- 
lumns of malleable iron, experiment shows that the 
3*59th power of the internal diameter, subtracted 
from the 3 •59th power of the external diameter, and 
divided by the square of the length, gives a proper 
expi'ession for the strength ; but this rule only holds 
where the strain does not exceed 8 or 9 tons on the 
square inch of section. Beyond 12 or 13 tons per 
square inch of section, the metal cannot be depended 
upon to withstand the strain, tliough hollow pillars 
will sometimes bear 15 or 16 tons per square inch of 
section. 

79. Q . — Does not the thickness of the metal of the 
pillars or tubes affect the question ? 

— It manifestly does; for a tube of very thin 
metal, such as gold leaf or tin foil, would not stand on 
end at all, being crushed down by its own weight 
It is found, experimentally, that in malleable iron 
tubes of the respective thicknesses of *525, *272, and 
•124 inches, the resistances per square inch of section 
are 19*17, 14*47, and 7*47 tons respectively. The 
power of plates to resist compression varies nearly as 
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the cube, or more nearly as the 2'878th power of 
their thickness ; but this law only holds so long as 
the pressure applied does not exceed from 9 to 12 
tons per square inch of section. When the pressure 
is greater than this the metal is crushed, and a new 
law supervenes, according to which it is necessary to 
employ ])lates of twice or three times the thickness, 
to obtain twice the resisting power. 

80. Q. — In a riveted tube, will the riveting be 
much damaged by heavy strains ? 

A, — It will be most affected by percussion. Long 
continued impact on the side of a tube, producing 
a deflection of only one fifth of that which would 
be required to inj ure it by pressure, is found to be 
destructive of the riveting ; but in large riveted 
structures, such as a ship or a railway bridge, the 
inertia of the mass will, by resisting the effect of im- 
pact, prevent any injurious action from this cause 
from taking place. 

81. Q. — Will the power of iron to resist shocks 
be in all cases proportional to its power to resist 
strains ? 

A, — By no means. Some cast iron is very hard 
and brittle ; and although it will in this state 
resist compression very strongly, it will be easily 
broken by a blow. Iron which has been re-melted 
many times generally falls into this category, as it 
will also do if run into very small castings. It has 
been found, by experiment, that iron of which the 
crushing strength per square inch is about 42 tons, 
will, if re-melted twelve times, bear a crushing weight 
of 70 tons, and if re-melted eighteen times it will 
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bear a crushing weight of 83 tons ; but taking its 
power to resist impact in its first state at 706, this 
power will be raised at the twelfth re-melting to 1153, 
and will be sunk at the eighteenth re-melting to 149. 

82. Q. — From all this it appears that a combina- 
tion of cast iron and malleable iron is the best for the 
beams of engines ? 

A, — Yes, and for all beams. Engine beams should 
be made deeper at the middle than they are now made : 
the web should be lightened by holes pierced in it, and 
round the edge of the beam there should be a malle- 
able iron hoop or strap securely attached to the flanges 
by riveting or otherwise. The flanges at the edges 
of engine beams are invariably made too small. It is 
in them that the strength of the beam chiefly resides. 
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CHAPTER 1. 

GENERAL DESCRIPTION OF THE STEAM 
ENGINE. 


THE BOILER. 

83. Q. — What are the chief varietiea of the steam 
engine in actual practical use ? 

Ji, — There is first the single acting engine, which 
is used for pumping water ; the rotative land engine, 
which is employed to drive mills and manuhictories ; 
the rotative marine engine, which is used to propel 
steam vessels; and the locomotive engine, which is 
employed on railways. The last is always a liigli 
pressure engine ; the others arc, for the most part, 
condensing engines. 

84. Q. — Will you explain the construction and 
action of the single acting engine, used for draining 
mines ? 

A, — Permit me then to begin with the boiler, 
which is common and necessary to all engines ; and J 
will take the example of a waggon boiler, such as was 
employed by Boulton and Watt universally in their 
early engines, and which is still in extensive use. 
This boiler is a long rectangular vessel, with a rounded 
top, like that of a carrier’s waggon, from its resem- 
blance to which it derives its name. A fire is set 
beneath it, and flues constructed of brickwork encircle 
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it, SO as to keep the flame and smoke in contact with 
the boiler for a sufficient time to absorb the heat. 

85. Q. — This species of boiler has not an internal 
furnace, but is set in brickwork, in which the furnace 
is formed ? 

A. — Precisely so. The general arrangement and 
configuration will be at once understood by a reference 
to the annexed figure (Jig* 3.), which is a perspective 


Fig. 3. 



view of a waggon boiler. The grate and a part of 
the flues are rendered visible in the figure by the 
removal of a portion of the surrounding masonry 
in which the boiler is set. The interior of the 
boiler is also shown by cutting off one half of the 
semicircular roof. U door by which the fuel is in- 
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troduced to the grate is represented at a. A door is 
also represented at b, leading to the ash pit ; but in land 
boilers doors are not commonly applied in this situation. 
The fire bars at c slope downwards from the front at 
an angle of about 25°, giving the fuel a tendency to 
move towards the back of the grate. The ash pit j> 
is constructed of sufficient magnitude to enable a 
sufficient supply of air to ascend through the grate 
bars, and the flame passes over a low wall or bridge 
at E, and traverses the bottom of the boiler. The 
smoke rises up at the back of the boiler, and proceeds 
from H to I, through the flue shown in that situation, 
with its upper part removed. It proceeds on in this 
flue to K ; passes along the other side of the boiler, 
and then ascends the chimney. The performance of 
this course by the smoke is what is termed a wheel 
draught, as the smoke wheels once round the boiler, 
and then ascends the chimney. 

86. Q. — Is the performance of this course by the 
smoke universal in waggon boilers ? 

A, — No: such boilers sometimes have what is 
termed a split draught. The smoke and flame, when 
they reach the end of the boiler, pass in this case 
through an iron flue or tube, reaching from end to end 
of the boiler ; and on arriving at the position of k, the 
smoke splits or separates — one half passing through 
a flue on the one side of the boiler, and the other half 
passing through a flue on the other side of the 
boiler — both of these flues having their debouch in the 
chimney. 

87. Q. — There appear to be several pipes leading 
out of the boiler ? 

A. — On the top of the boiler, near the front, is a 



4S THE WAUiiUS UOILElv. 

short cylinder, with a lid secured by bolts. This is 
the man-hole door, the pur[)ose of which is to enable 
a man to get into the inside of the boiler when 
necessary for inspection and repair. On the top of 
this door is a small valve opening downwards, ealled 
the atmospheric valve. The intention of this valve 
is to prevent a vacuum from being formed accidentally 
in the boiler, which might collapse it; for if the 
pressure in the boiler subsides to a point materially 
below the pressure of llie atmosphere, the valve will 
open and allow air to get in. The bent pipe, which 
rises up from the top of the boiler, immediately be- 
hind the position of the man-hole, is the steam [)ipe 
for conducting the steam to the engine ; and the bent 
pipe which ascends from the top of the boiler, at tlie 
back end, is the waste steam pipe for conducting away 
tlie steam, which escapes through the saiety valve. 
This valve is set in a chest, standing on the top of the 
boiler, at the foot of the waste steam -pipe, and it is 
loaded with iron or leaden weights to a point answer- 
able to the intended pressure of the bteam. 

88. Q. — How is tlie proper level of the water in 
the boiler maintained? 

A. — lly means of a balanced buoy or float, which 
in this boiler is square, and wliich may be seen at the 
surface of the water. This float is attached to the 
rod N, which in its turn is attached to a lever, set on 
the top of the large upright pipe p. Tlie upper 
j)art of the pipe r is widened out into a small cistern, 
through a short pipe in the middle of which a chain 
passes to the damper; but any water emptied into 
this small cistern cannot pass into p, except through 
a small valve fixed to the lever to which the rod n is 
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attnclied. The water for replenishing the boiler is 
pumped into the small cistern on the top of P ; and it 
follows from these arrangements that when the buojr 
falls, the rod N opens the small valve and allows the 
Iced water to enter r, which communicates with the 
water in the boiler ; whereas, W'hen the buoy rises, the 
feed cannot enter r, and it has, therefore, to run to 
waste through an overflow pipe provided for the 
purpose. 

89. Q. — ITow^ is tlie strength of the fire regulated ? 

A . — The draught through the furnaces of laud 

boilers is regulaHid by a plate of nud-al or a damper, 
as it is colled, which slid(is like a sluice up and down 
in the flue, and this damper is dosed more or less 
when the intensity of the tiro has to Ik; moderated. 
In waggon boilers this is generally accomplished by 
self-acting mechanism. In the pipe P, which is called 
a stand pipe, the water rises up to a height propor- 
tional to the pressure of the steam, and the surface of 
the water in this pipe will rise or fall with the 
fluctuations in llie pressure of the steam. In this 
j)ipe a float is placed, which communicates by means 
of a chain with the damper at o. If the pressure of 
the steam rises, the float will be raised and the 
damper closed, whereas, if the pressure in the boiler 
falls, the reverse of this action will take place. 

90. Q. — Are all land boilers of the same con- 
struction as that which you have just described ? 

A, — No; many land boilers are now made of a 
cylindrical form, with one or two internal flues in 
which the furnace is placed. A boiler of Ibis kind is 
represented in Jigs. 4. and 5., and which is the species 
£ 
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Ffff. 4 , fiff. 5 . 



of boiler principally used in Cornwall. In this boiler 
a large internal cylinder or flue runs from end to end. 
In the fore part of this cylinder the furnace is placed, 
and behind the furnace a large tube filled with water 
extends to the end of the boiler. This internal tube 
is connected to the bottom part of the boiler by a 
copper pipe standing vertically immediately behind 
the furnace bridge, and to the top part of the boiler 
by a bent copper pipe whicli stands in a vertical posi- 
tion near the end of the boiler. The smoke, after 
passing through the central flue, circulates round the 
sides and beneatli the bottom of the boiler before its 
final escape into the chimney. The boiler is carefully 
covered over to prevent the dispersion of the heat. 

91. Q, — Will you describe the construction of the 
boilers used in steam vessels ? 

A. — These are of two classes, flue boilers and tu- 
bular boilers, but the latter arc now most used. In 
the flue boiler the furnaces are set within the boiler, 
and the flues proceeding from them wind backwards 
and forwards within the boiler until finally they meet 
and enter the chimney. F^igs, 6, '7, 8. and 9, are dif- 
ferent views of a flue boiler. Fig. 6, is a front eleva- 
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tioR) showing the mouths of the furnaces and ash-pits. 
Fig. 7. is a liorizontal section through 9. ; and 

I'ig- 6. Jig, 8. is a horizontal section 

through C ii,Jig- 9. Fig. 9. is a 
-L, vertical section through gh» 

Jig, 8. In Jig, 9. the general 
configuration of the boiler 
is very clearly represented ; 
and the smoke, after wind- 
ing first through the lower 
tier of flues and next through 
the upper tier of flues, final- 
ly debouches at the chim- 
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Q, — Is this arrange- 
ment diflferent from that obtaining in tubular boilers ? 
A In tubular boilers, the smoke after leaving 
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Horizontal Section through Furnaces. Horizontal Section throrgh Fiues. 
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the furnace just passes once through a number of 
small tubes and then enters the chimney. These 
tubes are sometimes of brass, and they are usually 
about 3 inches in diameter and (> or 7 ieet long. 
Fiffs. 10. and 11. represent a marine tubular boiler: 

10. being a vertical longitudinal section, and 
fy, 11. being half a front elevation and half a trans- 
verse section. There is a projecting part on the top 
of the boiler called the “ steam chest,” of which the 
purpose is to retain for the use of the cylinder a 
certain supply of steam in a quiescent state, in order 
that it may have time to clear itself of foam or spray. 
A steam chest is a usual part of all marine boilers. 
In Jig. 10. A is the furnace, B the steam chest, and c 
the smoke box which opens into the chimney. The 
front of the smoke box is usually closed by doors 
which may be opened when necessary to sweep the 
soot out of the tubes. 
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THE ENGINE. 

93. Q. — The steam passes from the boiler through 
the steam pipe into the cylinder of the engine ? 

A. — And presses up and down the piston alter- 
nately, being admitted alternately above and below the 
piston by suitable valves provided for that purpose, 

94. Q. — This reciprocating motion is all that is 
required in a pumping engine ? 

A» — The prevailing form of the pumping engine 
consists of a great beam vibrating on a centre like the 
beam of a pair of scales, and the cylinder is in con- 
£ 3 
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nection with one end of the beam and the pump stands 
at the other end. The pump end of the beam is usually 
loaded, so as to cause it to preponderate when the 
engine is at rest ; and the whole effort of tlie steam is 
employed in overcoming this preponderance until a 
stroke is performed, when, the steam being shut off, the 
heavy end of the beam again falls and the operation is 
repeated. 

95. Q. — In the double acting engine the piston is 
pushed by the steam both ways, whereas in the single 
acting engine it is only pushed one way ? 

A , — The structure and action of a double acting 
land engine of the kind introduced by Mr. Watt, will 
Oe understood by a reference to the annexed figure 
12.), where an engine of this kind is shown in 
section, c is the cylinder in which a movable piston, 
i», is forced alternately up and down by the alternate 
admission, to each side, of the steam from the boiler. 
The piston, by means of a rod called the piston rod, 
gives motion to the beam ii/, which by means of a 
heavy bar, o, called the connecting rod, moves the 
crank, G, and with it the fiy wheel, f, from which the 
machinery to be driven derives its motion. 

96. Q. — Where does the steam enter from the 
boiler ? 

A* — At the steam pipe, s. The throttle valve in 
that pipe is an elliptical plate of metal swivelling on a 
spindle passing through its edge from side to side, 
and by turning which more or less the opening through 
the pipe will be more or less closed. The extent to 
which this valve is opened or closed is determined by 
the governor, Q, the balls of which, as they collapse 
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F*. 12. 



Doudle acting Rotative Steam Encunb. 


or expand, move up or down a collar on the governor 
spindle, which motion is communicated to tlie throttle 
valve by suitable rods and bell-cranhs. Tlie governor, 
it wdll be seen, consists substantially of two heavy 
balls attached to arms fixed upon an upright shaft, 
which is kept in revolution by means of a cord driven 
by a pulley on the fly wheel shaft. The velocity with 
which the balls of the governor revolve being propor- 
tional to that of the fly wheel, it will follow, that if 
by reason of too rapid a supply of steam, an undue 
speed be given to the fly wheel, and therefore to the 
balls, a divergence of the balls will take place to an 
extent correv«5ponding to the excess of velocity, and 



66 


ACTION OF TDE GOVERNOR. 


this movement being communicated to the throttle 
valve it will be partly closed, the supply of steam to 
the engine will be diminished, and the velocity of its 
motion will be reduced. If, on the other hand, the 
motion of the engine is slower than is requisite, owing 
to a deficient supply of steam through s, then the 
balls, not being sufficiently affected by centrifugal 
force, will full towards tlio vertical spindle, and the 
throttle valve, t, will be more fully opened, whereby 
a more ample supply of steam will be admitted to the 
cylinder, and the speed of the engine will be increased 
to the requisite extent. 

97. Q. — The piston must be made to lit the cy- 
linder accurately so as to prevent the passage of 
steam ? 

A . — The piston is accurately fitted to the cylinder, 
and made to move in it steam tight by a packing of 
hemp driven tightly into a groove or recess round the 
edge of the piston, and which is squeezed down by an 
iron ring held by screws. The piston divides the 
cylinder into two compartments, between which there 
is no communication by which steam or any other 
elastic fluid can pass. A casing bij', set beside the 
cylinder contains the valves, by means of which the 
steam which impels the piston is admitted and with- 
drawn, as the piston commences its motion in each 
direction. The upper steam box E is divided into 
three compartments by two valves. Above the upper 
steam valve v is a compartment communicating with 
the steam pipe s. Below the lower valve e is 
another compartment communicating with a pipe 
called the eduction pipe, which leads downwards from 
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the cylinder to the condenser, in which vessel the 
steam is condensed by a jet of cold water. By the 
valve V, a communication may be opened or closed 
between the boiler and the top of the cylinder, so as 
to permit or prevent a supply of steam from the one 
to pass to the other. By the valve E a communica- 
tion may be open or closed between the top of the 
cylinder and the condenser, so that the steam in the 
top compartment of the cylinder may either be per- 
mitted to escape into the condenser, or may be 
confined to the cylinder. The continuation of the 
steam pipe s' leads to the lower steam box i/, wliich, 
like the upper, is divided into three compartments by 
two valves y ' and e', and the action of the lower 
valves is in all respects the same as that of the 
upper. 

98. Q. — Are all these valves connected together 
so that they act simultaneously ? 

A. — Tlie four valves VE, v'l/ are connected by 
rods to a single handle rn, which handle is moved 
alternately up and down by means of pins or tappets, 
placed on the rod which works the air pump. When 
the handle 7n is pressed down, tlie levers in con- 
nexion with it open the upper exhausting valve E 
and the lower steam valve v", and close the upper 
steam valve v and the lower exhausting valve f/. 
On the other hand, when the handle m is pressed up 
it opens the upper steam valve v and the lower 
exhausting valve e"', and at the same time closes the 
upper exhausting valve e and the lower steam 
valve v'. 

99. Q. — Where is the condenser situated ? 
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A. — The condenser d is inirnerged in a cistern of 
cold water. At its side there is a tube i, for the 
admission of wjiter to condense the steam, and which 
is governed by a cock, by opening which to any 
required extent, a jet of cold water may bo made to 
play in the condenser. From the bottom of the 
condenser a short j)ij)e leads to tlie air pump k', and 
in this pipe there is a flap valve M, called the foot 
valve, opening towards the air pump. J'he air pump 
is a pump set in the .same cistern of cold water that 
liolds the condenser, and it is fitted with a piston or 
bucket worked by the rod k, attached to the great 
beam, and fitted with a valve opening upwards in tlio 
manner of a common sucking pump. Tlie upper part 
of the air pump communicates with a small cistern ic, 
called the liot well, through a valve opening outwards 
and called the delivery valve. A pump L, called the 
liot water pump, lifts hot water out of the hot well to 
feed the boiler, and another pump n lifts cold water 
from a well or other source of supply, to maintain the 
supply of water to the cold water cistern, in which 
the condenser and air pump are placed. 

100. G* — Will you explain now the manner in which 
the engine acts? 

yl. — The piston being supposed to be at the top of 
the cylinder, the handle m will be raised by the lower 
pin or tappet on the air pump rod, and the valves v 
and E’ will be opened, and at the same time the other 
pair of valves v' and e will be closed. Steam will 
therefore be admitted above the piston, and the steam 
or air which had previously filled the cylinder below 
the piston wdll be drawn off to the condenser. It 
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will there encounter the jet of cold water, which is 
kept constantly playing there by keeping the cock i 
sufficiently open. It will thus be immediately con- 
densed or reduced to water, and the cylinder below 
the piston will have a vacuum in it. The steam 
therefore admitted from the steam pipe through the 
open valve v to tl)e top of the cylinder, not being 
resisted by pressure below, will press the piston to 
the bottom of the cylinder. As it approaches that 
position, the handle m will be struck down by the 
upper pin or tappet on the air pump rod, and the 
valves V and f/, previously open, will be elosed, while 
the valves and f, previously closed, will be opened. 
The steam which has just pressed down the piston, 
and which now fills the cylinder above the piston, 
will then flow off, tlirough the open valve E, to the 
condenser, where it will be immediately condensed 
by the jet of cold water ; and steam from the boiler, 
admitted through the open valve v', will fill the 
cylinder below the [)iston, and press the piston up- 
"wards. When the piston has reached the top of the 
cylinder, the lower pin on the air pump rod will have 
struck the handle upwards, and will thereby have 
closed the valves v' and e, and opened the valves v 
and e'. The piston will then be in the same situation 
as in the commencement, and will again descend, and 
so will continue to be didven up and down by the 
steam. 

101 . Q. — But what becomes of the cold water which 
is let into the condenser to condense the steam ? 

A , — It is pumped out by the air pump in the shape 
of hot water, its temperature having been raised con- 
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siderably by the admixture of the steam with it. 
When the air pump piston ascends it leaves behind it 
a vacuum ; and the foot valve M, being relieved from 
all pressure, the weight of the water in the condenser 
forces it open, and the warm water flows from the 
condenser into the lower part of the air pump, from 
which its return to the condenser is prevented by the 
intervening valve. When the air pump piston de- 
scends, its pressure on the liquid under it will force 
open the valve in it, througli which the hot water will 
ascend ; and when the bucket descends to the botloni 
of the pump barrel, the warm water which was below 
it will all have passed above it, and cannot return. 
When the bucket next ascends, the water above it, 
not being able to return through the bucket valve, 
will be forced into the hot well through the delivery 
valve K. TJie Jiot water pump l pumps a small quan- 
tity of this liut water into the boiler, to comp(‘nsato 
for the abstraction of the water that has passed off in 
the A)rni of steam. Tlie residue of the hot water 
runs to waste. 

102. Q , — By what exj)cdient is the piston rod en- 
abled to pass through the cylinder cover without 
leaking steam out of the crjdinder or air into it ? 

— The hole in the cylinder lid, through which 
the piston rod passes, is furnished with a recess called 
a stufling box, into which a stuffing or packing of 
plaited hemp is forced, wliich, pressing on the one 
side against the interior of the stuffing box, and on 
tlie other side against the piston rod, which is smooth 
and polished, prevents any leakage in this situation. 
The packing of this stuffing box is forced down by a 
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ring of metal tightened by screws. This ring, which 
accurately fits the piston rod, has a projecting flange, 
through which bolts pass for tightening the ring down 
upon the packing ; and a similar expedient is em- 
ployed in nearly every case in which packing is 
employed. 

103. Q. — In what way is the piston rod connected 
to the great beam ? 

A . — The piston rod is connected to the great beam 
by means of two links, one at each side of the beam, 
shown at ^ g, Tlicse links are usually made of the 
same length as the crank, and their purpose is to en- 
able the end of the great beam to move in the arc of 
a circle while the piston rod maintains the vertical 
position. The point of junction, llierefore, of tlu; 
links and the piston rod is of the form of a knuckle 
or bend at some parts of the stroke. 

104. Q. — But what compels the top of the piston 
rod to maintain the vertical position ? 

A . — Some engines have guide rods set on each side 
of the piston rod, and eyes on the top of the piston 
rod engage these guide rods, and maintain the piston 
rod in a vertical position in every part of the stroke. 
More commonly, however, the desired end is attained 
by means of a contrivance called the parallel motion. 

iOo. Q. — What is the parallel motion ? 

A. — The parallel motion is an arrangement of 
jointed rods, so connected together that the divergence 
from the vertical line at any point in the arc described 
by the beam is corrected by an equal and opposite di- 
vergence due to the arc performed by the jointed rods 
during the stroke ; and as these opposite deviations 
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mutually correct one another, the result is that the 
piston rod moves in a vertical direction. 

106. Q. — Will you explain the action more in 
detail ? 

A , — The pin which passes through the end of the 
beam at yiias a link hung on each side of the beam, 
and a short cross bar, called a cross head, extends 
from the bottom of one of these links to the bottom 
of the other, which cross head is perforated with a 
hole in the middle for the reception of tlie piston rod. 
There are similar links b d nt the point of the main 
beam, where the air pump rod is attached. There 
are two rods d g connecting the links h d with the 
links f <7, and these rods, as they always continue pa- 
rallel to the main beam throughout the stroke, are 
called parallel bars. Attached to the ends of these 
two rods at d are two other rods c d, of which tin^ 
ends at e are attached to stationary pins, wdiile the 
ends at d follow the motion of the lower ends of the 
links b d. These rods arc called the radius bars. 
Now it is obvious that the arc described by the point 
dy with c as a centre, is opposite to the arc described 
by the point with d as a centre. The rod d g is, 
therefore, drawn back horizontally by the arc de- 
scribed at d to an extent equal to the versed sine of 
the arc described at g, or, in other words, the line de- 
scribed by the point g becomes a straight line instead 
of a curve. 

107. Q. — Does the air pump rod move vertically as 
well as the piston rod ? 

A , — It does. The air pump rod is suspended from 
a cross head, passing from the centre of one of the 
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lints b d to the centre of the other link, on the oppo- 
site side of the beam. Now, as the distance from the 
central axis of the great beam to tlie point b is equal 
to tlie length of the rod c df, it will follow that the 
upper end of the link will follow one arc, and the 
lower end an equal and opposite arc. A point in the 
centre of the link, therefore, where these opposite 
motions meet, will follow no arc at all, but will move 
up and down vertically in a straight line. 

1 08. Q. — The use of the crank is to obtain a circular 
motion from a reciprocating motion ? 

A * — That is the object of it, and it accomplishes its 
object in a very perfect manner, as it gradually arrests 
the velocity of the piston towards the end of the 
stroke, and thus obviates what would otherwise be an 
injurious shock upon the machine. When the crank 
approaches the lowest part of its throw, and at the 
same time the piston is approaching the top of the 
cylinder, the motion of the crank becomes nearly 
horizontal, or, in other words, the piston is only ad- 
vanced, through a very short distance, for any given 
distance measured on the circle described by the 
crank pin. Since, then, the velocity of rotation of the 
crank is nearly uniform, it will follow that the piston 
will move very slowly as it approaches the end of the 
stroke ; and the piston is brought to a state of rest by 
this gradually retarded motion, both at the top and 
the bottom of the stroke. 

109. Q. — What causes the crank to revolve at a 
uniform velocity ? 

A. — The momentum of the machinery moved by 
the piston, but more especially of the fly wheel, which 
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by its operation redresses the unequal pressures com- 
municated by the crank, and compels the crank shaft 
to revolve at a nearly uniform velocity. Everyone 
knows that a heavy wheel if put into rapid rotation 
cannot be immediately stopped. At the beginning and 
end of tlie stroke when the crank is vertical, no force 
of torsion can be exerted on the crank shaft by the 
crank, but this force is at its maximum when the crank 
is horizontal. From the vertical point, where this 
force is nothing, to the horizontal point, where it is at 
its maximum, the force of torsion exerted on the 
crank shaft is constantly varying ; and the fly wheel 
by its momentum redresses these irregularities, and 
carries the crank through that “d(;a(l point,” as it is 
termed, where the piston cannot impart any rotative 
force. 

110. Q, — Arc the configuration and structure of tlie 
steam engine, as it left the hand of Watt, materially 
different from tli(»se of modern engines ? 

A. — There is lot much diflerence. In modern 
rotative land engines, the valves for admitting the 
steam to the cylinder or condenser, instead of being 
clack or })ot-lid valves moved by tappets on the air 
pump rod, are usually sluice or sliding valves, moved 
by an eccentric wheel on the crank shaft. Sometimes 
the beam is discarded altogether, and malleable iron 
is more largely used in the construction of engines 
instead of the cast iron, which formerly so largely 
prevailed. But upon the whole the steam engine of 
the present day is substantially the engine of Watt; 
and ho wdio perfectly understands the operation of 
Watt’s engine, will have no difficulty in understanding 
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the operation of any of the numerous varieties of 
engines since introduced. 

THE MARINE ENGINE. 

111. Q Will you describe the principal features of 

the kind of steam engine employed for the propulsion 
of vessels? 

— Marine engines are of two kinds, — paddle 
engines and screw engines. In the one case the 
propelling instrument is paddle wheels kept in rota- 
tion at each side of the ship : in the other case, tlie 
propelling instrument is a screw, consisting of two or 
more twisted vanes, revolving beneath the water at 
the stern. Of each class of engines there are many 
distinct varieties. 

112. Q. — ^What are the principal varieties of the 
paddle engine ? 

— There is the side lever engine, and the oscil- 
lating engine, besides numerous other forms of engine 
which are less known or employed, such as the trunk, 
double cylinder, annular, Gorgon, steeple, and many 
others. The side lever engine however, and the 
oscillating engine, are the only kinds of paddle engines 
which have been received with wide or general 
favour. 

113. Q. — Will you explain the main distinctive 
features of the side lever engine ? 

A . — In all paddle vessels, whatever be their subor- 
dinate charactcjristics, a great shaft of wrought iron, 
turned round by the engine, has to be carried from 
side to side of the vessel, on which shaft arc fixed the 

F 
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paddle wheels. Tlic paddle wheels may cither be 
formed with fixed float boards for engaging the water, 
like tlie boards of a common undershot water wheel, 
or they may bo formed with feathering float boards 
as th(iy arc termed, which is float boards movable on 
a centre, and so governed by appropriate mechanism 
tliat they enter and leave the water in a nearly 
vertical position. Tlie fixed floats are attached by 
bolts to the arms of two or more rings of malleable 
iron which are fixed by appropriate centres on the 
paddle shaft, and the feathering floats swing on 
horizontal spindles. It is usual in steam vessels to 
employ two engines, the cranks of which are set at 
right angles with one another. When the paddle 
wheels are turned by the engines, the float boards 
engaging the water cause a forward tlirust to be 
imparled to the shaft, which propels forward the 
vessel on the same principle that a boat is propelled 
by the action of oars. 

114. Q — These remarks apply to all paddle 
vessels ? 

A , — They do. With respect to the side lever 
engine, it may be described to be such a modification 
of the land beam engine, already described, as will 
enable it to be got below the deck of a vessel. With 
this view, instead of a single beam being placed over- 
head, two beams are used, one of which is set on 
each side of the engine as low down as possible. The 
cross head which engages the piston rod is made 
somewhat longer than the diameter of the cylinder, 
and two great links or rods proceed one from each 
end of the cross head to one end of the side levers or 
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beams. A similar cross bar at the other end of the 
beams serves to connect them together and to the 
connecting rod, which, proceeding from thence up. 
wards, engages the crank, and thereby turns round 
the paddle wheels. 

115. Q. — Will you further illustrate this general 
description by an example? 

A . — I will take as an example the engines con- 
strue t(id by Messrs. Boulton and Watt for the steamers 
Red Rover and City of Canterbury, and which were 
in successful and constant use for a great number of 
years. Fiy. 13. is a longitudinal section of both 
engine and boiler ; x x represent the beams or keel- 
sons to which the engines are attached, and on which 
the boilers rest. The engines are tied down by strong 
bolts passing through the bottom of the vessel, but 
the boiler k(5eps its position by its weight alone; S is 
the steam pipe leading from the steam chest of the 
boiler to the slide or sluice valve c, by which the 
steam is admitted altermitely to the top and bottom of 
the cylinder, n is the condenser and E the air pump, 
which is worked off the side levers by means of side 
rods and a cross head. A strong gudgeon, called the 
inain centre^ passes through the condenser at k, the 
projecting ends of which serve to support the side 
levers or beams, F is the hot well, out of wliich the 
feed pump draws water to replenish the boiler, which 
is forced through the pipe ii. l is the piston rod 
which, by means of the cross head and side rods, is 
connected to the side levers or beams, one of which i.s 
shown in dotted lines at h h, as being at the back of 
the engine, the other being supposed to be removed 
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beams, through the medium of the cross tnil extending 
between the beams, and which by means of the crank 
turns the paddle shaft o. The framing upon wliicli 
the paddle shaft rests is denoted by qr, and the rods 
of the parallel motion by a a* The eccentric which 
works the slide valve is placed upon the paddle shaft. 
It consists of a disc of metal encircled by a hoop, to 
which a rod is attached, and the disc is perforated 
with a hole for the shaft, not in the centre, but near 
one edge. When, therefore, the shaft revolves, carry- 
ing the eccentric with it, the rod attached to the en- 
circling hoop receives a reciprocating motion, just as 
it would do if attached to a crank in the shaft. The 
section of the boiler flues is represented by w u, the 
safety valve by y ; and h h are cocks, by which the 
water in the boiler is blown out into the sea by the 
pressure of the steam, when the boilers require to be 
emptied, and also through which a portion of the 
wat(;r in the boiler is blown out from time to time, 
while the engine is at work, in order to prevent the 
sea water from reaching an injurious amount of con- 
centration ? 

116. Q, — Will you describe the mode of starting 
the engine? 

A. — I may first mention that when the engine is 
at rest, the connection between the eccentric and the 
slide valve is broken, by lifting the end of the eccen- 
tric rod out of a notch, which engages a pin on the 
valve shaft; and the valve is at such times free to be 
moved by hand by a bar of iron, applied to a proper 
part of the valve gear for that purpose. This being 
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SO, the engineer, when he wishes to start the engine, 
first opens a small valve called the blow through valve^ 
which permits steam from the boiler to enter the 
engine both above and below the piston, and also to 
fill the condenser and air jmnip. This steam expels 
the air from the interior of the engine, and also any 
water which may have accumulated there ; and when 
this has been done, the blow through valve is shut, 
and a vacuum very soon forms within the engine, by 
the condensation of the steam. Jf now the slide valve 
be moved by hand, the steam from the boihn* will be 
admitted on one side of the piston, while tliere is a 
vacuum on the other side, and the piston will, there- 
fore, be moved in the desired direction. When the 
piston roaches the end of the stroke, the valve has to 
be moved iu the rtiverse direction, wduMi the piston 
will return, and after being moved thus by hand, once 
or twice, the connection of the valve wdth the eccen- 
tric is to be restored by allowing the notch on the end 
of the ecc<?ntric rod to engage the pin on the valve 
lever, when the valve will be thereafter moved by the 
engine in the proper manner. It will, of course, be 
necessary, when the engine begins to move, to open 
the injection cock a little, to enable water to enter for 
the condensation of tlie steam. la the most recent 
marine engines, a somewhat different mechanism from 
this is used for giving motion to the valves, but that 
mechanism will be afterwards described. 

117. Q. — Are all marine engines condensing 
engines? 

A . — Nearly all of them are so ; but special 
vessels have at times been constructed with high 
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pressure engines. In general, however, marine cn 
gines are low pressure or condensing engines. 

118. Q. — Will you now describe the chief features 
of the oscillating paddle marine engine ? 

A. — In the oscillating paddle marine engine, the 
arrangement of the paddle shaft and paddle wheels is 
the same as in the case already described, but the 
whole of the side levers, side rods, cross head, cross 
tail, and connecting rod are discarded. The cylinder 
is set immediately under the crank ; the top of tlie 
piston rod is connected immediately to the crank pin ; 
and, to enable the piston rod to accommodate itself to 
the movement of the crank, the cylinder is so con- 
structed as to bo susceptible of vibrating or oscilla- 
ting upon two external axes or trunnions. Thes(t 
trunnions are generally placed about half-way up on 
the sides of the cylinder ; and tlirough one of tlicm 
steam is received fi*om the boiler, while through the 
other the steam escapes to the condenser. The air 
j)Uinp is usually worked by means of a crank in the 
shaft, which crank moves the air pump bucket up and 
down as the shaft revolves. 

119. Q. — Will you give an example of a paddle 
oscillating engine ? 

A, — I will take as an example the oscillating 
engines constructed by Messrs. Rennie for the steamer 
PeterliofF ; and this vessel was also fitted with fea- 
thering wheels. Fiff, 14. is a transverse section of 
this vessel, showing the engines and wheels ; and 
Jig, 15, is a side view of the engines, showing also 
one of the wheels. There are two cylinders in this 
vessel, and one air pump, which lies in an inclined 
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position, and is worked bj a crank in the shaft whicli 
stretches between the cylinders, and which is called 
the intermediate shaft, a a, fig, 14., are the two 
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cylinders, b b the two piston rods, and c c the two 
cranks, d is the crank in the intermediate shaft, 
which works the air pump e ; f p are the slide valves, 
by which the admission of the steam to the cylinders 
is regulated. G G are double eccentrics fixed on tln‘ 
shaft, whereby the movement of the slide valves is 
regulated. The purpose of the double eccentrics is to 
enable a particular arrangement of valve gear to be 
employed which is denominated the link motion^ and 
which will be described hereafter, h is a handle 
whereby the engine may be instantly stopped, started, 
or reversed, without the necessity of detaching the 
eccentric rod from the valve motion, as is necessary 
where the link motion is not employed. 1 1 are the 
steam pipes leading to the steam trunnions K K, on 
which, and on the eduction trunnions connected with 
the pipe m, the cylinders oscillate. In fig. 15. n n 
are pumps, the pistons of which are attached to the 
trunnions, and are worked by the oscillation of tluj 
cylinders ; o, in the same figure, is the waste water 
pipe, through whicli is discharged overboard the 
whole of the water lifted out of the condenser by the 
air pump, except that small portion employed for 
feeding the boiler. 

120. Q. — By what species of mechanism are the po* 
sitions of the paddle floats of this vessel governed ? 

A , — The floats are supported by spurs projecting 
from the rim of the wheel, and they are moved upon 
the points of the spurs, to which they are attached 
by pins, by means of short levers proceeding from 
the backs of the floats, and connected to rods which 
proceed towards the centre of the wheel. Tlie 
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centre, however, to winch these rods proceed is not 
concentric with the wheel, and the rod.s, therefore, 
are moved in and nut as tlie wheel levolves, and im- 
part a corresponding motion to tlie floats. In some 
feathering wheels the proper motion is given to the 
rods by means of an eccentric on the ship’s side. 
The action of paddle wheels, whether radial or fea- 
thering, will he more fully described in the chapter 
on Steam Navigjition. 

SCREW ENGINES. 

121. Q. — What are the principal varieties of screw 
engines ? 

— The engines employed for the propulsion of 
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screw vessels are divided into two great classes, — 
geared engines and direct acting engines ; and each 
of these classes again has many varieties. In screw 
vessels, the shaft on which the screw is set requires 
to revolve at a much greater velocity than is required 
in tlie case of the paddle shaft of a paddle vessel ; 
and in geared engines this necessary velocity of ro- 
tation is obtained by the intervention of toothed 
wheels, — the engines themselves moving wu‘th theusual 
velocity of paddle engines ; wdiereas in direct acting 
engines the required velocity of rotation is obtained 
by accelerating the speed of the engines, and which 
are connected immediately to the screw shaft. 

122. Q, — Will you describe some of tlie principal 
varieties of geared engines ? 

A. — A good many of the geared engines for screw 
vessels are made in the same manner as land engines, 
Avith a beam overhead, which by means of a connect- 
ing rod extending downwards, gives motion to the 
crank shaft, on which is set the cog wheels which 
give motion to pinions on the screw shaft, — the tectli 
of the wheels being generally of wood and the teeth 
of the pinions of iron. There are usually several 
Avheels on the crank shaft and several pinions on the 
screw shaft ; but the teeth of each do not run in the 
same line, but are set a little in advance of one 
another, so as to divide the thickness of the tooth into 
as many parts as there are independent wheels or 
pinions. By this arrangement the wheels work more 
smoothly than they would otherwise do. 

123. Q. — What other forms are there of geared 
screw engines ? 
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In Other cases vertical trunk engines are employed ; 
and in other cases vertical oscillating engines. 

124. Q. — Will you give an example of a geared 
vertical oscillating engine ? 

A, — I will give as an example of this species of 
engine, the geared oscillating engines of the steam- 
ship Great Britain, constructed by Messrs. John Penn 
and Son, and which are represented in 16. These 
engines in all their main features, except in the use 
of gearing, are identical in construction with the os- 
cillating paddle engines of the same makers. Tlie 
names of the principal parts of the engine being 
written upon them, any detailed description of th(‘. 
engine is not required. The engines of the Great 
Britain are made otf the same patterns as the paddle 
engines constructed by Messrs. John Penn and Son 
for H.M.S. Sphinx. The diameter of each cylinder 
is 82|- inches, the length of travel or stroke of the 
piston is 6 feet, and the nominal power is 500 horses. 
The Great Britain is of 3500 tons burden, and her 
displacement at 16 feet draught of water is 2970 tons. 
The diameter of the screw is 15|^ feet, length of screw 
in the line of the shaft 3 feet 2 inches, and the pitch 
of the screw 19 feet. 

125. Q. — What do you mean by the pitch of the 
screw ? 

A. — A screw propeller may be supposed to be a 
short piece cut off a screw of large diameter like a 
spiral stair, and the pitch of a spiral stair is the ver- 
tical height from any given step to the step imme- 
diately overhead. 

126. Q. — What is the usual number of arms ? 
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A* ~ Generally a screw has two arms, but some- 
times it has three or more. The Great Britain had 
three arms or twisted blades resembling the vanes of 
a windmill. The multiple of the gearing in the Great 
Britain is 3 to 1, and there are 17*^ square feet of 
heating surface in the boiler for each nominal horse 
power. The crank shaft being put into motion by 
the engine, carries round with it the great cog wheel, 
or aggregation of cog wheels, affixed to its extremity ; 
and these wheels acting on suitable pinions on the 
screw shaft, cause the screw to make three revolutions 
for every revolution made by the engine. 

127. Q. — What are the principal varieties of 
direct acting screw engines ? 

A, — In some cases four engines have been em- 
ployed instead of two, and the cylinders have been 
laid on their sides on each side of the screw shaft. 
This multiplication of engines however introduces 
needless comp‘! lation, and is now but little used. In 
other cases two inverted cylinders are set above the 
screw shaft on appropriate framing ; and connecting 
rods attached to the ends of the piston rods turn 
round cranks in the screw shaft. 

128. Q. — What is the kind of direct acting screw 
engine employed by Messrs. Penn. 

A. — It is a horizontal trunk engine, and is repre- 
sented in section in jfig, 17. In this engine a round 
pipe called a trunk penetrates the piston, to which it 
is fixed, being in fact cast in one piece with it; and 
the trunk also penetrates the top and bottom of the 
cylinder, through which it moves, and is made tight 
therein by means of stuffing boxes. The connecting 
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penn’s direct acting screw engine. 
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rod is attached at one end to a pin fixed in the middle 
of the trunk, while the other end engages the crank 



in the usual manner. The air pump is set within thi 
condenser, and is wrought by a rod which is fixed to 
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the piston and derives its motion therefrom. The 
air pump is of that species which is called double- 
acting. The piston or bucket is formed without valves 
in it, but an inlet and outlet valve is fixed to each 
end of the pump, through the one of which the water 
is drawn into the pump barrel, and through the other 
of which it is expelled into the hot well. 


THE LOCOMOTIVE ENGINE. 

129 . Q. — Will you describe the more important 
features of the locomotive engine ? 

A. — The locomotive employed to draw carri- 
ages upon railways, consists of a cylindrical boiler 
filled with brass tubes, through which the hot air 
passes on its progress from the furnace to the chim- 
ney; and attached to the boiler are two horizontal 
cylinders fitted with pistons, valves, connecting rods, 
and other necessary apparatus to enable the power 
exerted by the pistons to turn round the cranked axle 
to which the driving wheels are attached. There 
are, therefore, two independent engines entering into 
the composition of a locomotive, the cranks of which 
are set at right angles with one another, so that when 
one crank is at its dead point, the other crank is in a 
position to act with its maximum efficacy. The 
driving wheels which are fixed on the crank shaft 
and turn round with it, propel the locomotive forward 
on the rails by the mere adhesion of friction, and this 
is found sufficient not merely to move the locomotive, 
but to draw a long train of carriages behind it. 
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130. Q. — Are locomotive engines condensing or 
high pressure engines. 

A , — They are invariably high pressure enginesj 
as it would be impossible, or at least highly incon- 
venient, to carry the water necessary for the purpose 
of condensation. The steam, therefore, after it has 
urged the piston to the end of tlie stroke, escapes 
into the atmosphere. In locomotive engines the 
waste steam is always discharged into the chimney 
tlirough a vertical pipe, and by its rapid passage it 
greatly increases the intensity of the draught in the 
chimney, whereby a smaller fire grate suffices for the 
combustion of the fuel, and the evaporative power of 
the boiler is much increased. 

131. Q. — Can you give an example of a locomo- 
tive engine of the usual form. 

A. — To do this I will take the example of one of 
Stephenson’s locomotive engines with six wheels re- 
presented in /iff. 18.; — not one of the most modern 
construction now in use, nor yet one of the most 
antiquated, a is the cylinder, b the connecting rod, 
c the crank, d the eccentric by which the slide 
valve is moved ; cce is the steam pipe by which the 
steam is conducted from the steam dome of the boiler 
to the cylinder. Near the furnace end of this pipe is 
a valve or regulator moved by a handle at the front 
of the boiler, and of which the purpose is to regulate 
the admission of the steam to the cylinder ; f f are 
safety valves kept closed by springs ; ff is the educ- 
tion pipe, or, as it is commonly termed in locomotives, 
the blast pipe^ by which the steam, escaping from the 
cylinder after the stroke lias been performed, is pro- 
o 
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jected up the chimney H. The water in tlic boiler of 
course covers the tubes, and also the top of the fur- 
nace or fire box. The position of the water surface 
is shown by a dotted line. It will be understood that 
there are two engines in each locomotive, though, 
from the figure being given in section, only one 
engine can be shown. The cylinders of tliis engine 
are each 12 inches diameter ; the length of the stroke 
of the piston is 18 inches, and the diameter of the 
driving wheel is 5 feet. 

132. Q. — What is the tender of a locomotive ? 

A. — It is a carriage attached to the locomotive, of 
which the purpose is to contain coke for feeding tln^ 
iurnace, and water for replenishing the boiler. 

133. Q. — Can you give examples of modern loco- 
motives ? 

A * — The most recent locomotives resemble in their 
jnaterial features the locomotive represented in jfig. 18. 
I can, however, give examples of some of the most 
powerful engines of commoji construction. Fig. 19. 


Fig. 19 . 

T‘7 
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represents Gooch’s express engine arlapted for the 
wide gauge of the Great Western Railway ; and Jig, 
20. represents Cranipton’s express engine adapted 

Tig. 20 . 



Ckampton’s Locomotive Engine ; for the Narrow Gauge. 


for the ordinary or narrow gauge railways. The 
cylinders of Gooch’s engine arc eacli 18 inches dia- 
meter, and 24 indies stroke ; the driving wheels are 
8 feet in diameter ; the fire grate contains 21 square 
feet of area ; and the heating surface of the fire box is 
153 square feet. Tlu*re are in all 305 tubes in the 
boiler, eaidi of 2 inches diameter, giving a heating 
surface in the tubes of 1799 square feet. The total 
heating surface, therefore, is 1952 square feet. IMr. 
Gooch states that an engine of this class will eva- 
porate from 300 to 360 cubic feet of water in the 
hour, and will convey a load of 236 tons at a speed 
of 40 miles an hour, or a load of 181 tons at a speed 
of 60 miles an hour. The weight of this engine 
empty is 31 tons ; of the tender tons ; and the total 
weight of the engine when loaded is 50 tons. In 
Crampton’s locomotive, the Liverpool, the cylinders 
are of 24 inches diameter and 18 inches stroke ; the 
driving wheels are 8 feet in diameter ; the fire grate 
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contains 21^ square feet of area; and the heating 
surface of the fire box is 154 square feet. There are 
in all 300 tubes in the boiler of inches external 
diameter, giving a surface in the tubes of 2136 square 
feet, and a total heating surface of 2290 square feet. 
The weight of this engine is stated to be 35 tons 
when ready to proceed on a journey, lloth engines 
were displayed at the Great Exhibition in 1851, as 
examples of the most powerful locomotive engines 
then made. The weight of such engin(^s is very in- 
jurious to the railway; bending, crushing, and dis- 
turbing the rails, and trying very severely the wliole 
of the railway works. No doubt the weight might bt: 
distributed upon a greater number of whe(ds, but if the 
weight resting on the driving wheels be much re- 
duced, they will not have suincient bite upon the 
rails to propel the train without slij^ping. I’liis, 
liowever, is only one of the evils ’which tlie demand 
for high rates of speed has produced. The widtli of 
flic railway or, as it is termed, the gauge of the rails, 
being in most of the railways in this kingdom limited 
to 4 feet 8J5 inches, a corresponding limitation is 
imposed on the diameter of the boiler; which in its 
turn restricts the number of tlie tubes which can bo, 
employed. As, however, the attainment of a high 
rate of speed requires much power, and conseqmuitly 
much heating surface in the boiler, and as the number 
of tubes cannot be increased without reducing tludr 
diameter, it has become necessary, in the case of 
powerful engines, to employ tubes of a small diameter, 
and of a great length, to obtain the necessary quan- 
tity of beating surface ; and such tubes require a very 
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Gtrong draught in the chimney to make them effective. 
With a draught of the usual intensity the whole of 
the heat will be absorbed in the portion of the tube 
nearest the fire box, — ^leaving that portion nearest the 
smoke box nothing to do but to transmit the smoke ; 
and with long tubes of small diameter, therefore, a 
very strong draught is indispensable. To obtain 
such a draught in locomotives, it is necessary to 
contract the mouth of the blast pipe^ whereby the 
waste steam will be projected into the chimney witli 
greater force; but this contraction involves an in- 
crease of the pressure on the eduction side of the 
piston, and consequently causes a diminution in the 
power of the engine. Locomotives with small and 
long tubes, therefore, will require more coke to do 
the same work than locomotives in which larger and 
shorter tubes may be employed 
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HEAT, COMBUSTION, AND STEAM. 


HEAT. 

134. Q. — What is meant by latent heat ? 

A . — By latent heat is meant the heat existing in 
bodies which is not discoverable by the touch or by 
the thermometer, but which manifests its existence by 
producing a change of state. Heat is absorbed in the 
liquefaction of ice, and in the vaporisation of water, 
yet the temperature does not rise during either process, 
and the heat absorbed is therefore said to become 
latent. The term is somewhat objectionable, as tlie 
effect proper to the absorption of heat has in each case 
been made visible ; and it would be as reasonable to call 
hot water latent steam. Latent heat, in the present 
acceptation of the term, means sensible liquefaction or 
vaporisation ; but to produce these changes heat is as 
necessary as to produce the expansion of mercury in a 
thermometer tube, wliich is taken as the measure ot‘ 
temperature ; and it is hard to see on what ground lu^at 
can be said to be latent when its presence is made 
manifest by changes which only heat can effect. It is 
the temperature only tliat is latent, and latent tem- 
perature means sensible vaporisation or liquefaction. 
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135. Q. — But when you talk of the latent heat of 
steam, what do you mean to express ? 

A . — I mean to express the heat consumed in accom- 
plishing the vaporisation compared with that necessary 
for producing tlie temperature. The latent heat of 
steam is usually reckoned at about 1000 degrees, by 
which it is meant that there is as much heat in any 
given weight of steam as would raise its constituent 
water 1000 degrees if the expansion of the water 
could he prevented, or as would raise 1000 times that 
quantity of water one degree. The boiling poiut of 
water being 212 degrees, is 180 degrees above the 
freezing point of water — the freezing point being 32 
degrees; so that it requires 1180 times as much 
heat to raise 1 lb. of water into steam, as to raise 1 lb. 
of water one degree ; or it requires about as mucii 
heat to raise a pound of boiling water into steam as 
would raise 5|- lbs. of water from the freezing to the 
boiling point ; 5|- multiplied by 180 beijig 9^0, or 1000 
nearly. 

136. Q. — When it is stated tliat the latent heat of 
steam is 1 000 degrees, it is only meant that this is a 
rough approximation to the truth ? 

A . — Precisely so. The latent heat, in point of fact, 
is not uniform at all temperatures, neither is the total 
amount of heat the same at all temperatures. M. 
Regnault has shown, by a very elaborate series of ex- 
periments on steam, which he has lately concluded, 
that the total heat in steam increases somewhat with 
the pressure, and that the latent heat diminishes 
somewhat with the pressure. This will be made 
obvious by the following numbers ; — 
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Pressure. 
15 lbs, 
50 
100 


Temperature, Total Heat. 
213*1° 1178*0° 

281*0 1199*6 

327*8 1213*9 


Latent Heat. 
965*8° 
918*6 
886*1 


If, then, steam of 100 lbs. be expanded down to 
steam of 15 lbs., it will have 35 degrees of heat over 
that which is required for the maintenance of the 
vaporous state, or, in other words, it will be sur- 
charged with heat. 

137. Q. — What do you understand by specific lieat ? 

A, — By specific heat, I understand the relative 

quantities of heat in bodies at tlie same temperature, 
just as by specific gravity I understand the relative 
quantities of matter in bodies of the same bulk. Equal 
Aveiglits of quicksilver and water at the same teuipera- 
tui'o do not contain the same quantities of heat, any 
more than equal bulks of those liquids contain the 
same quantity of matter. The absolute quantity of 
heat in any body is not kjiown ; but the relative heat 
of bodies at the same temperature, or in other words 
their speeitic heats, have been ascertained and arranged 
in tables, — the specific heat of water being taken as 
unity. 

138. Q. — In what way does the specific heat of a 
body enable the quantity of heat in it to be deter- 
mined ? 

A. — If any body has only half the specific heat of 
water, then a pound of that body will, at any given 
temperature, have only half the heat in it that is in a 
pound of water at the same temperature. The spe- 
cific heat of air is *2377, that of water being 1 ; or it 
is 4*207 times less tliSan that of water. An amount of* 
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heat, therefore, which would raise a pound of water 
1 degree would raise a pound of air 4*207 degrees, 

COMBUSTION. 

139. Q. — What is the nature of combustion ? 

A . — Combustion is nothing more than an energetic 
chemical combination, or, in other words, it is the 
mutual neutralisation of opposing electricities. When 
coal, is brought to a high temperature it acquires a 
strong afTiiiity for oxygen, and combination with 
oxygen will produce more than suflicient heat to main- 
tain the original temperature ; so that part of the heat 
is rendered applicable to other purposes. 

J 40. Q. — Does air consist of oxygen ? 

A> — Air consists of oxygen and nitrogen mixed to- 
gether in the proportion of 3*29 lbs. of nitrogen to 1 lb. 
of oxygen. Every pound of coal requires about 2*66 
lbs. of oxygen for its saturation, and therefore for 
every pound of coal burned 8*75 j)ound 3 of nitrogen 
must pass through the fire, supposing all the oxygen 
to enter into coinhination. In practice, however, this 
perfection of combination does not exist : from one- 
third to one-half of the oxygen will pass through the 
fire without entering into combination at all ; so that 
from 16 to 18 lbs. of air are required for every pound 
of coal burned. 18 lbs. of air are about 240 cubic feet, 
which may be taken as the quantity of air required 
for the combustion of a pound of coal in practice. 

141. Q. — What are the constituents of coal ? 

A — The chief constituent of coal is carbon or pure 
charcoal, which is associated in various proportions 
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with volatile and earthy matters. English coal contains 
80 to 90 per cent, of carbon, and from 8 to 18 per cent, 
of volatile and earthy matters, but sometimes more 
than this. The volatile matters are hydrogen, nitro- 
gen, oxygen, and sulphur. 

142. Q. — What is the difference between anthracite 
and bituminous coal? 

A , — Anthracite consists almost entirely of carbon, 
having 91 per cent, of carbon, with about 7 per cent, 
of volatile matter and 2 per cent, of* ashes. Newcasth^ 
coal contains about 83 per cent, of carbon, 14 i)er cent, 
of volatile matter, and 3 per cent, of ashes. 

143. Q. — Will you recapitulate the steps by which 
you determine the quantity of air required for tluj 
combustion of coal ? 

— Looking to the quantity of oxygen required to 
unite chemically with the various constituents of the 
coal, we find for example that in 100 lbs. of anthracit(*, 
coal, consisting of 91*44 lbs. of carbon, and 3*46 lbs. of 
hydrogen, we shall for the 91*44 lbs. of carbon require 
243*84 lbs. of oxygen — since to saturate a pound of 
carbon by the formation of carbonic acid, requires 2?- 
lbs. of oxygen. To saturate a pound of hydrogen in 
the formation of w^ater, requires 8 lbs. of oxygen ; hence 
3*46 lbs. of hydrogen will take 27*68 lbs. of oxygen for 
its saturation. If then we add 243*84 lbs. to 27*68 lbs. 
we have 271*52 lbs. of oxygen required for the com- 
bustion of 100 lbs. of coal. A given weight of air 
contains nearly 23*32 per cent, of oxygen; hence to 
obtain 271*52 lbs. of oxygen, we must have about four 
times that quantity of atmosj)heric air, or more accu- 
rately, 1161 lbs. of air for the combustion of 100 lbs. 
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of coal. A cubic foot of air at ordinary temperatures 
weighs about *075 lbs ; so that 100 lbs, of coal require 
15,524 cubic feet of air, or 1 lb. of coal requires 
about 155 cubic feet of air, supposing every atom of 
the oxygen to enter into combination. If then, from 
one-third to one-half of the air passes unconsumed 
through the fire, an allowanceof 240 cubic feet of air for 
each pound of coal will be a small enough allowance to 
answer the requirements of practice, and in some cases 
as much as 320 cubic feet will be required, — the differ- 
ence depending mainly on the peculiar configuration of 
the furnace. 

144. Q. — Can you state the evaporative efficacy of 
a pound of coal ? 

ji. — The evaporative efficacy of a pound of carbon 
has been found experimentally to be equivalent to 
that necessary to raise 14,000 lbs. of water through 1 
degree, or 14 lbs. of water through 1000 degrees, 
supposing xhe whole heat generated to be absorbed 
by the water. Now, if the water be raised into steam 
from a temperature of 60% then 1118*9° of heat will 
have to be imparted to it to convert it into steam of 
15 lbs. pressure per square inch. 14,000-7-1118*9= 
12*512 lbs. Avill be the number of pounds of water, 
therefore, which a pound of carbon can raise into 
steam of 15 lbs. pressure from a temperature of 60°. 
This, however, is a considerably larger result than 
can be expected in practice. 

145. Q . — Then what is the result that may be 
expected in practice ? 

A* — The evaporative powers of different coals 
appear to be nearly proportional to the quantity of 
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carbon in them ; and bituminous coal is, therefore, 
less efficacious than coal consisting chiefly of pure 
carbon. A pound of the best Welsh or anthracite 
coal is capable of raising from 9^ to 10 lbs. of water 
from 212® into steam, whereas a pound of the best 
Newcastle is not capable of raising more than about 
8^ lbs. of water from 212° into steam ; and inferior 
coals will not raise more than 6^ lbs. of water into 
steam. In America it has been found that 1 lb. of the 
best coal is equal to 2^ lbs. of pine wood, or, in some 
cases, to 3 lbs. ; and a pound of pine wood will not 
usually evaporate more than about 2J lbs. of water, 
though, by careful management, it may be made to 
evaporate 4^ lbs. Turf will generate rather more 
steam than wood. Coke is equal or somewhat supe- 
rior to the best coal in evaporative effect. 

146. Q. — How much water will a pound of coal 
raise into steam in ordinary boilers ? 

A , — From 6 to 8 lbs. of water in the generality of 
land boilers of medium quality, the difference depend- 
ing on the kind of boiler, the kind of coal, and other 
circumstances. Mr. Watt reckoned his boilers as 
capable of evaporating 10*08 cubic feet of water wuth 
a bushel, or 84 lbs. of Newcastle coal, which is equi- 
valent to 7^ lbs. of water evaporated by 1 lb. of coal, 
and this may be taken as the performance of common 
land boilers at the present time. In some of the 
Cornish boilers, however, a pound of coal raises 1 1 *H 
lbs. of boiling w'ater into steam, or a cwt. of coal 
evaporates about 21 cubic feet of water from 212°. 

147. Q. — What method of firing ordinary furnaces is 
the best ? 
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A , — The coals should be broken up into small pieces, 
and sprinkled thinly and evenly over the fire a little at a 
time. The thickness of the stratum of coal upon the 
grate should depend upon the intensity of the draught; 
in ordinary land or marine boilers it should be thin, 
whereas in locomotive boilers it requires to be much 
thicker. If the stratum of coal be thick while the 
draught is sluggish, the carbonic acid resulting from 
combustion combines with an additional atom of carbon 
in passing through the fire, and is converted into car- 
bonic oxide, which may be defined to be invisible smoke 
as it carries off a portion of the fuel: if, on the contrary 
the stratum of coal be thin while the draught is very 
rapid, an injurious refrigeration is occasioned by the 
excess of air passing through the furnace. The fire 
should always be spread of uniform thickness over the 
bars of the grate, and should be without any holes or un- 
covered places, w'hich greatly diminish the effect of the 
fuel by the refri«^eratory action of the stream of cold air 
which enters thereby. A wood fire requires to be about 
6 inches thicker than a coal one, and a turf fire requires 
to be 3 or 4 inches thicker than a wood one, so that the 
furnace bars must be placed lower where wood or turf 
is burned, to enable the surface of the fire to be at the 
same distance fi’om the bottom of the boiler. 

148. Q. — Is a slow or a rapid combustion the most 
beneficial ? 

A * — A slow combustion is found by experiment to 
give the best results as regards economy of fuel, and 
theory tells us that the largest advantage will neces- 
sarily be obtained where adequate time has been 
afforded for a complete combination of the constituent 
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atoms of the combustible, and the supporter of com- 
bustion. In many of the cases, however, which occur 
in practice, a slow combustion is not attainable ; but 
the tendencies of slow combustion are both to save the 
fuel, and to burn the smoke. 

149. Q. — Is not the combustion in the furnaces of 
the Cornish boilers very slow ? 

A. — Yes, very slow; and there is in consequence 
very little smoke evolved. The coal used in Cornwall 
is Welsh coal, which evolves but little smoke, and is 
therefore more favourable for the success of a smokeless 
furnace ; but in the manufacturing districts, where the 
coal is more bituminous, it is found that smoke may be 
almost wholly prevented by careful firing and by the 
use of a large capacity of furnace. 

150. Q. — Do you consider slow combustion to hi) an 
advisable thing to practise in steam vessels ? 

A . — No, I do not. When the combustion is slow, 
the heat in the furnaces and flues is less intense, and a 
larger amount of heating surface consequently becomes 
necessary to absorb the heat. In locomotives where 
the heat of the furnace is very intense, there will be 
the same economy of fuel with an allowance of 5 or 6 
square feet of surface to evaporate a cubic foot of water 
as in common marine boilers with 10 or 12. 

151. Q. — What is the method of consuming smoke 
pursued in the manufacturing districts ? 

A * — In Manchester, where some stringent regula- 
tions for the prevention of smoke have for some time 
been in force, it is found that the readiest way of 
burning the smoke is to have a very large proportion 
of furnace room, whereby slow combustion may be 
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carried on. In some cases, too, a favourable result is 
arrived at by raising a ridge of coal across the furnace 
lying against the bridge, and of the same height : this 
ridge speedily becomes a mass of incandescent coke, 
ivliich promotes the combustion of the smoke passing 
over it. 

152. Q . — Is the method of admitting a stream of air 
into the flues to burn the smoke regarded favourably ? 

A. — No; it is found to be productive of injury to 
the boiler by the violent alternations of temperature 
it occasions, as at some times cold air impinges on the 
iron of the boiler, and at other times flame, — just as 
there happens to be smoke or no smoke emitted by 
the furnace. Boilers, therefore, operating upon this 
principle, speedily become leaky, and arc much worn 
by oxidation, so that, if the pressure is considerable, 
they are liable to explode. It is very difficult to ap- 
portion the quantity of air admitted, to the varying 
wants of the flre ; and as air may at some times be 
rushing in when tliere is no smoke to consume, a loss 
of heat, and an increased consumption of fuel may be 
the result of the arrangement ; and, indeed, such is 
the result in practice, though a carefully performed 
experiment usually demonstrates a saving in fuel of 10 
or 12 per cent. 

153. Q. — What other plans have been contrived for 
obviating the nuisance of smoke ? 

A , — They are too various for enumeration, but 
most of them either operate upon the principle of ad- 
mitting air into the flues to accomplish the combustion 
of the uninflammable parts of the smoke, or seek to 
attain the same object by passing the smoke over or 
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tlirougli the fire or other incandescent material. 
Some of the plans, indeed, profess to burn the inflam- 
mable gases as they are evolved from the coal, witliout 
])ermitting the admixture of any of the uninflammable 
products of combustion which enter into the composi- 
tion of smoke ; but this object has been very imper- 
fectly fulfilled in any of the contrivances yet brought 
under the notice of the public, and in some cases these 
contrivances have been found to create weightier evils 
than they professed to relieve. 

154. Q. — You refer, I suppose, to Mr. Charles Wye 
Williams’ Argand furnace ? 

A. — I chiefly refer to it, though I also comprehend 
all other schemes in which there is a continuous ad- 
mission of air into the flues, with an intermittent ge- 
neration of smoke. 

155. Q. — This is not so in Prideaux’s furnace ? 

A. — No ; in that furnace the air is admitted only 

during a certain interval, or for so long, in fact, us 
there is smoko to be consumed. 

156. Q. — Will you explain the chief peculiarities 
of that furnace ? 

A, — The whole peculiarity is in the furnace door, 
which is represented shut in Jig. 21. and open in fig. 
22, The front of the door consists of metal Venetians, 
which are opened when the top lever is lifted up, and 
shut when that lever descends to its lowest position. 
When the furnace door is opened to replenish the fire 
with coals, the top lever is raised up, and with it tljc 
piston of the small cylinder attaclied to the side of the 
furnace. The Venetians are thereby opened, and a 
stream of air enters the furnace, which, being heated 
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in its passage among the numerous heated plates 
attached to the back of the furnace door, as shown 
in Jig, 22., is in a favourable condition for effect- 
ing the combustion of the inflammable parts of the 
smoke. The piston in the small cylinder gradually 
subsides and closes the Venetians ; and the rate of 
the subsidence of the piston may obviously be re- 
gulated by a cock, or, as in this case, a small screw 
valve, so that the Venetians shall just close when there 
is no more smoke to be consumed the air or other 
fluid within the cylinder being forced out by the 
piston in its descent. 

157. Q. — Had Mr. Watt any method of consuming 
smoke ? 

A. — He tried various methods, but eventually fixed 
upon the method of coking the coal on a dead plate at 
the furnace door, before pushing it into the fire. That 
method is perfectly effectual where the combustion is 
so slow that the requisite time for coking is allowed, 
and it is much preferable to any of the methods of 
admitting air at the bridge or elsewhere, to accomplish 
the combustion of the inflammable parts of the smoke. 

158. Q. — What are the details of Mr. Watt’s ar- 
rangement as now employed ? 

-4.— The fire bars and the dead plate are both set 
at a considerable inclination, to facilitate the advance 
of the fuel into the furnace. In Boulton and Watt’s 30 
horse power land boiler, the dead plate and the furnace 
bars are both about 4 feet long, and they are set at the 
angle of 30 degrees with the horizon. 

159. Q . — Is the use of the dead plate universally 
adopted in Boulton and W’^att’s land boilers ? 
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A , — It is generally adopted, but in some cases 
Boulton and Watt have substituted the plan of a re- 
volving grate for consuming the smoke, and the dead 
plate then becomes both superfluous and inapplicable. 
In this contrivance tlie fire is replenished with coals 
by a self-acting mechanism. 

160. Q , — Will you explain the arrangement of the 
revolving grate? 

A . — The fire grate is made like a round table ca- 
pable of turning horizontally upon a centre ; a shower 
of coal is precipitated upon the grate througli a slit in 
the boiler near the furnace mouth, and the smoke 
evolved from the coal dropped at the front part of the 
fire is consumed by passing over the incandescent 
fuel at the back part, from which all the smoke must 
have been expelled in the revolution of the grate 
before it can have reached that position. 

161. Q. — Is a furnace with a revolving grate appli- 
cable to a steam vessel ? 

A. — I see nothing to prevent its application. But 
the arrangement of the boiler would perhaps require 
to be changed, and it might be preferable to combine 
its use with the employment of vertical tubes, for the 
generation of the steam. The introduction of any 
effectual automatic contrivance for feeding the fire in 
steam vessels would bring about an important economy, 
at the same time that it would give the assurance of 
the work being better done. It is very difficult to fire 
furnaces by hand effectually at sea, especially in rough 
weather and in tropical climates ; whereas machinery 
would be unaflTected by any such disturbing causes, 
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and would perform with little expense the work of 
many men. 

162. Q. — The introduction of some mechanical 
method of feeding the fire witli coals would enable a 
double tier of furnaces to be adopted in steam vessels 
without inconvenience ? 

A, — Yes, it would have at least that tendency ; and 
as the space available for area of grate is limited in a 
steam vessel by the width of the vessel, it would be a 
great convenience if a double tier of furnaces could 
be employed without a diminished effect. It appears 
to me, however, that the objection would still remain 
of the steam raised by the lower furnace being cooled 
and deadened by the air entering the ash-pit of the 
upper fire, for it would strike upon the metal of the 
ash-pit bottom. 

163. Q , — Have any other plans been devised for 
feeding the fire by self-acting means besides that of a 
revolving grate ? 

A, — Yes, many plans, but none of them, perhaps, are 
free from an objectionable complication. In some ar- 
I’ungements the bars are made like screws, which being 
turned round slowly, gradually carry forward the coal ; 
while in other arrangements tlie same object is sought 
to be attained, by alternately lifting and depressing 
every second bar at the end nearest the mouth of the 
funiace. In Juckes^ furnace, represented in fig, 23., 
the fire bars are arranged in the manner of rows 
of endless chains working over a roller at the mouth 
of the furnace, and another roller at the further end 
of the furnace. These rollers are put into slow re- 
volution, and the coal which is deposited at the 
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mouth of the furnace is gradually carried forward 
by the motion of the chains which act like an 


Fig. 23 . 



JucKEs' Patent Furnace. 


endless web. The clinkers and ashes left after the 
combustion of the coal, are precipitated into the ash- 
pit, where the chain turns down over the roller at the 
extremity of the furnace. In Messrs. Maudslays’ plan 
of a self-feeding furnace the fire bars are formed of 
round tubes, and are placed transversely across the fur- 
nace. The ends of the bars gear into endless screws 
running the whole length of the furnace, whereby 
motion is given to the bars, and the coal is thus car- 
ried gradually forward. It is very doubtful whether any 
of these contrivances satisfy all the conditions required 
in a plan for feeding furnaces of the ordinary form by 
self-acting means, but the problem of providing a suit- 
able contrivance, does not seem difficult of accomplish- 
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meat, and will no doubt be effected under adequate 
temptation. 

164. Q. — Have not many plans been already con 
trived which consume the smoke of furnaces very 
effectually ? 

A. — Yes, many plans ; and besides those already 
mentioned there are Hall’s, Coupland’s, Godson’s, 
Kobinson’s, Stevens’s, Hazcldine’s, Inche’s, Bristow 
and Attwood’s, and a great number of others, One 
plan, which promises well, consists in making the 
flame descend through the fire bars, and the fire bars 
are formed of tubes set on an incline and filled with 
water, which water will circulate with a rapidity pro- 
portionate to the intensity of the heat. After all, 
however, the best remedy for smoke appears to consist 
in removing from it those portions which form the 
smoke before tho coal is brought into use. Many 
valuable products may be got from the coal by sub- 
jecting it to this treatment ; and the residuum will 
be more valuable than before for the production of 
steam. 


STEAM. 

165. Q. — Have experiments been made to determine 
the elasticity of steam at different temperatures ? 

A, — Yes ; very careful experiments. The fol- 
lowing rule expresses the results obtained by Mr. 
Southern : — To the given temperature in degrees of 
Fahrenheit add 51*3 degrees: from the logarithm of 
the sum, subtract the logarithm of 135*767, which is 
2*1327940 ; multiply the remainder by 5*13, and to the 
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natural number answering to the sum, add the con- 
stant fraction *1, which will give the elastic force in 
inches of mercury. If the elastic force be known, and 
it is wanted to determine the corresponding temperature, 
the rule must be modified thus: — From the elastic 
force, in inches of mercury, subtract the decimal *1, 
divide the logarithm of the remainder by 5*13, and to 
the quotient add the logarithm 2*1327940; find the 
natural number answering to the sum, and subtract 
therefrom the constant 51*3; tlie remainder will be 
the temperature sought. The French Academy, and 
the Franklin Institute, have repeated Mr. Southern’s 
experiments on a larger scale : the results obtained by 
them are not widely different, and are perhaps nearer 
the truth, but Mr. Southern’s results are generally 
adopted by engineers, as sufficiently accurate for 
practical purposes, 

166 . Q. — Have not some superior experiments upon 
this subject been made in Franco by M. Regnault? 

A , — Yes, the experiments of M. Rcgnault upon thi? 
subject have been very elaborate and very carefully 
conducted, and the results aro probably more accurat(3 
than have been heretofore obtained. Nevertheless, it 
is questionable how far it is advisable to disturb the 
rules of Watt and Southern, with which the practice 
of engineers is very much identified, for the sake of 
emendations which are not of such magnitude as to 
influence materially the practical result. M. Rcgriftiilt 
has shown that the total amount of heat, existing in 
a given weight of steam, increases slightly with the 
pressure, so that the sum of the latent and sensible 
heats do not form a constant quantity. Thus, in steam 
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of the atmospheric pressure, or with 14*7 lbs. upon the 
square inch, the sensible heat of the steam is 212 de- 
grees, the latent heat 966*6 degrees, and the sum of the 
latent and sensible heats 1178*6 degrees; whereas in 
steam of 90 pounds upon the square inch the sensible 
heat is 320*2 degrees, the latent heat 891*4 degrees, 
and the sura of the latent and sensible heats 1211*0 
degrees. There is, therefore, 33 degrees less of heat 
in any given weight of water, raised into steam of the 
atmospheric pressure, than if raised into steam of 90 
lbs.* pressure. 

167. Q. — What expansion does water undergo in its 
conversion into steam ? 

A, — A cubic inch of water makes about a cubic foot 
of steam of the atmospheric pressure. 

168. Q. — And how much at a higher pressure ? 

A . — That depends upon what the pressure is. But 

the proportion is easily ascertained, for the pressure 
and the bulk of a given quantity of steam, as of air or 
any other elastic fluid, are always inversely proportional 
to one another. Thus if a cubic inch of water makes 
a cubic foot of steam, with the-pressure of one atnxo- 
sphere, it will make half a cubic foot with the pressure 
of two atmospheres, a third of a cubic foot with the 
pressure of three atmospheres, and so on in all other 
j»roportions. High pressure steam indeed is just low 
pressure steam forced into a less space^ and the pressure 
will always be great in the proportion in which the 
space is contracted. 

* A Table containing the I'esnlts arrived at by !M. Eegnault 
is given in the Key. 
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169. Q . — If this be so, the quantity of heat in a given 
weight of steam must be nearly the same, whetlier the 
steam is high or low pressure ? 

A, — Yes; the heat in steam is nearly a constant 
f quantity, at all pressures, but not so precisely. Steam 
to which an additional quantity of heat has been im- 
parted after leaving the boiler, or as it is called 
‘^superheated steam,” comes under a different law, for 
the elasticity of such steam may be increased without 
any addition being made to its weight; but with the 
amount of superheating at present employed for 
working engines, it may be considered in practice 
that a pound of steam contains very nearly the same 
quantity of heat at all pressures. 

170. Q. — Does not the quantity of heat in any body 
vary with the temperature ? 

A . — Other circumstances remaining the same the 
quantity of heat in a body increases with the tem- 
peratures. 

171. Q, — And is not high pressure steam hotter than 
low pressure steam ? 

A . — Yes, the temperature of steam rises with the 
pressure. 

172. Q. — How then comes it, that there is the same 
([uantity of heat in the same weight of high and low 
pressure steam, when the high pressure steam has the 
liighest temperature ? 

A , — Because although the temperature or sensible 
heat rises with the pressure, the latent heat becomes 
less in about the same proportion. And as has been 
already explained, the latent and sensible heats taken 
together make up nearly the same amount at all tern- 
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peratures ; but the amount is somewhat greater at the 
higher temperatures. As a dump sponge becomes wet 
Then subjected to pressure, so warm vapour becomes 
hot when forced into less bulk, but in neither case does 
the quantity of moisture or the quantity of heat sustain 
any alteration. Common air becomes so hot by com- 
pression that tinder may be inflamed by it, as is seen 
in the instrument for producing instantaneous light by 
suddenly forcing air into a syringe. 

173. Q. — What law is followed by surcharged steam 
on the application of heat ? 

A. — The same as that followed by air, in which the 
increments in volume are very nearly in the same pro- 
portion as the increments in temperature ; and the 
increment in volume for each degree of increased tem- 
perature is th part of the volume at 32®. A volume 
of air which, at the temperature of t32®, occupies 100 
cubic feet, will at 212® fill a space of 136'73 cubic feet. 
The volume which air or steam — out of contact wuth 
water — of a given temperature acquires by being heated 
lo a higher temperature, the pressure remaining the 
same, may be found by the following rule ; — To each 
of the temperatures before and after expansion, ad<l 
the constant number 459 : divide the greater sura by 
the less, and multiply the quotient by the volume at 
the lower temperature ; the product will give the ex- 
panded volume. 

174. Q. — If the relative volumes of steam and water 
are known, is it possible to tell the quantity of water 
which should be supplied to a boiler, when the quan- 
tity of steam expended is specified ? 
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j4. — Yes; at the atmospheric pressure, about a cubic 
inch of water has to be supplied to the boiler for every 
cubic foot of steam abstracted ; at other pressures, the 
relative bulk of water and steam may be determined 
as follows : — To the temperature of steam in degrees 
of Fahrenheit, add the constant number 459, multiply 
the sum by 37*3, and divide the product by the elastic 
force of the steam in pounds per square inch; the 
quotient will give the volume required. 

175. Q. — Will this rule give the proper •dimension> 
of the pump for feeding the boiler with water ? 

-4. — No; it is necessary in practice that the feed 
pump should be able to supply the boiler with a much 
larger quantity of water than what is indicated by 
these proportions, from the risk of leaks, priming, or 
other disarrangements, and the feed pump is usually 
made capable of raising 3J- times the water evaporated 
by the boiler. About of the capacity of the 

cylinder answers very well for the capacity of the feed 
pump in the case of low pressure engines, supposing 
the cylinder to be double acting, and the pump single 
acting ; but it is better to exceed this size. 

176. Q . — Is this rule for the size of the feed pump 
applicable to the case of high pressure engines ? 

A * — Clearly not; for since a cylinder full of high 
pressure steam, contains more water than the same 
cylinder full of low pressure steam, the size of the pump 
must vary in the same proportion as the density of 
the steam. In all pumps a good deal of the effect is 
lost from the imperfect action of the valves ; and in 
engines travelling at a high rate of speed, in parti- 
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calar, a large part of the water is apt to return through 
the suction valve of the pump, especially if much lift 
be permitted to that valve. In steam vessels more- 
over, where the boiler is fed with salt water, and 
where a certain quantity of supersalted water has to be 
blown out of the boiler from time to time, to prevent 
the water from reaching too high a degree of concen- 
tration, the feed pump requires to be of additional 
size to supply the extra quantity of water thus 
rendered necessary. When the feed water is boiling 
or very hot, as in some engines is the case, the feed 
pump will not draw from a depth, and will altogether 
act less efficiently, so that an extra size of pump has 
to be provided in consequence. These and other 
considerations which might be mentioned show the 
propriety of making the feed pump very much larger 
than theory requires. The proper proportions of 
pumps, however, forms part of a subsequent chapter. 
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CHAP. III. 

EXPANSION OF STEAM AND ACTION OF THE 
VALVES. 


177. Q. — What is meant by working engines ex- 
pansively ? 

A. — Adjusting the valves, so that the steam is shut 
off from the cylinder before the end of the stroke, 
whereby the residue of the stroke is loft to be com- 
pleted by the expanding steam. 

178. Q. — And what is the benefit of that practice ? 

A . — It accomplishes an important saving of steam, 
or, what is the same thing, of fuel ; but it diminishes 
the power of the engine, while increasing the power 
of the steam. A larger engine will be required to do 
the same work, but the work will be done with a 
smaller consumption of fuel. If, for example, the 
steam be shut off when only half the stroke is com- 
pleted, there will only be half the quantity of steam 
used. But there will bo more than half the power 
exerted ; for although the pressure of the steam de- 
creases after the supply entering from the boiler is 
shut off, yet it imparts, during its expansion, some 
power, and that power, it ia clear, is obtained without 
any expenditure of steam or fuel whatever. 
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179. Q What will be the pressure of the steam, 

under such circumstances, at the end of the stroke ? 

A, — If the steam be shut off at half stroke, the 
pressure of the steam, reckoning the total pressure 
both below and above the atmosphere, will just be 
one-half of what it was at the beginning of the stroke. 
It is a well known law of pneumatics, that the pressure 
of cdastic fluids varies inversely as the spaces into 
which they are expanded or compressed. For ex- 
ample, if a cubic foot of air of the atmospheric density 
be compressed into the compass of half a cubic foot, 
its elasticity wdll be increased from 15 lbs. on the 
sfpiare inch to 30 lbs. on the square inch ; whereas, if 
its volume be enlarged to two cubic feet, its elasticity 
will be reduced to 7-^ lbs. on the square inch, being 
just half its original pressure. The same law holds 
in all other proportions, and with all other gases and 
vapours, provided their temperature remains un- 
changed; and if the steam valve of an engine be 
closed, when the piston has descended through one- 
fourth of the stroke, the steam within the cylinder 
will, at the end of the stroke, just exert one-fourtli of 
its initial pressure. 

180. Q. — Then by computing the varying pressure 
at a number of stages, the average or mean pressure 
throughout the stroke may be approximately deter- 
mined ? 

A. — Precisely so. Thus, in the accompanying 
figure, Jig. 24., let e be a cylinder, J the piston, a the 
steam pipe, c the upper port, the lower port, d the 
steam pipe, prolonged to e the equilibrium valve, g 
the eduction valve, m the steam jacket, N the cylinder 
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Ft", 24 . 



cover, o stuffing box, n piston rod, p cylinder bottom : 
let the cylinder be supposed to be divided in the 
direction of its length into any number of equal parts, 
say twenty, and let the diameter of the cylinder re- 

I 
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present the pressure of the steam, which, for the sake 
of simplicity, we may take at 10 lbs., so that we may 
divide the cylinder, in the direction of its diameter, 
into ten equal parts. If now the piston be supposed 
to descend through five of the divisions, and the steam 
valve then be shut, the pressure at each subsequent 
position of the piston will be represented by a series, 
computed according to the laws of pneumatics, and 
which, if the initial pressure be represented by 1, 
will give a pressure of *5 at the middle of the stroke, 
and *25 at the end of it. If this series be set off on 
the horizontal lines, it will mark out a hyperbolic 
curve — the area of the part exterior to which repre- 
sents the total efficacy of the stroke, and the interior 
area, therefore, represents the diminution in the power 
of a stroke, when the steam is cut off at one-fourth of 
the descent. If the squares above the point, where 
tiie steam is cut off, be counted, they will be found to 
amount to 50; and if those beneath that point be 
counted or estimated, they will be found to amount to 
about 69. These squares are representative of the 
power exerted ; so that while an amount of poAver re- 
presented by 50 has been obtained by the expendi- 
ture of a quarter of a cylinder full of steam, we get 
an amount of power represented by 69, without any 
expenditure of steam at all, merely by permitting the 
steam . first used to expand into four times its original 
volume. 

181. Q. — Then by working an engine expansively, 
the power of the steam is increased, but the power of 
the engine is diminished ? 

Am — Yes. The efficacy of a given quantity of 
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steam is more than doubled by expanding the steam 
four times, while the efficacy of each stroke is made 
nearly one-half less. And, therefore, to carry out the 
expansive principle in practice, the cylinder requires 
to be larger than usual, or the piston faster than usual, 
in the proportion in which the expansion is carried 
out. Every one who is acquainted with simple aritli- 
metic, can compute the terminal pressure of steam in 
a cylinder, when he knows the initial pressure and the 
point at which the steam is cut off ; and he can also 
find, by the same process, any pressure intermediate 
between the first and last. By setting down these 
pressures in a table, and taking their mean, he can 
determine the effect, with tolerable accuracy, of any 
particular measure of expansion. It is necessary to 
remark, that it is the total pressure of the steam that 
he must take ; not the pressure above the atmosphere, 
but the pressure above a perfect vacuum. 

182. Q. — Can you give any rule for ascertaining 
at one operation the amount of benefit derivable from 
expansion ? 

A . — Divide the length of stroke through which the 
steam expands, by the length of stroke performed with 
full pressure, which last cull 1 ; the hyperbolic; 
logarithm of the quotient is the increase of efficiency 
due to expansion. According to this rule it will be 
found, that if a given quantity of steam, the power of 
which working at full pressure is represented by 1, 
be admitted into a cylinder of such a size that its 
ingress is concluded when one-half the stroke has been 
performed, its efficacy will be raised by expansion to 
1*69 ; if the admission of the steam be stopped at one- 
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third of the stroke, the efficacy will be 2*10; at one - 
fourth 2*39; at one-fifth 2*61; at oiie-sixth, 2*79; at 
one-seventh 2*95 ; at one-eighth 3*08. The expansion, 
however, cannot be carried beneficially so far as one- 
eighth, unless the pressure of the steam in the boiler 
be very considerable, on account of the inconvenient 
size of cylinder or speed of piston which would 
require to be adopted, the friction of the engine, and 
the resistance of vapour in the condenser, which all 
become relatively greater with a smaller urging force. 

183. Q. — Is this amount of benefit actually realised 
in practice ? 

A, — Only in some cases. It appears to be indis- 
pensable to the realisation of any large amount of 
benefit by expansion, that the cylinder should be en- 
closed in a steam jacket, or should in some other way 
be effectually protected from refrigeration. In some 
engines not so protected, it has been found experi- 
mentally that less benefit was obtained from the fuel 
by working expansively than by working without ex- 
pansion — the whole benefit due to expansion being 
more than counteracted by the increased refrigeration 
due to the larger surface of the cylinder required to 
develop the power. In locomotive engines, with out- 
side cylinders, this condition of the ad vantageous use 
of expansion has been made very conspicuous, as has 
also been the case in screw steamers with four 
cylinders, and in which the refrigerating surface of 
the cylinders was consequently large. 

184. Q. — The steam is admitted to and from the 
cylinder by means of a slide or sluice valve ? 

A. — Yes ; and of the slide valve there are many 
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varieties ; but the kinds most in use are the D valve, 
shown in fig, 25., — and so called from its resemblance 
to a half cylinder or D in its cross section — and the 
three ported valve, shown in fig. 26., which consists 



of a brass or iron box set over the two ports or open- 
ings into the cylinder, and a central port which conducts 
away the steam to the atmosphere or condenser ; but 
the length of the box is so adjusted that it can only 
cover one of the cylinder ports and the central or 
eduction port at the same time. The effect, therefore, 
of moving the valve up and down, as is done by the 
eccentric, is to establish a connection alternately 
between each cylinder port and the central passage 
whereby the steam escapes; and while the steam is 
escaping from beneath the piston, the position of the 
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valve is such, that a free communication exists between 
the space above the piston and the steam in the boiler. 
The piston is thus urged alternately up and down — 
tlie valve so changing its position before the piston 
arrives at the end of the stroke, that the pressure is 
by that time thrown on the reverse side of tlie 
piston, so as to urge it into motion in the opposite 
direction. 

185. Q. — Is the motion of the valve, then, the 
reverse of that of the piston ? 

A» — No. The valve does not move down when the 
piston moves down, nor does it move down when the 
piston moves up ; but it moves from its mid position 
to the extremity of its throw and back again to its 
mid position, while the piston makes an upward or 
downward movement, so that the motion is as it were 
at right angles to the motion of tlie piston ; or it is 
the same motion that the piston of another engine, the 
crank of which is set at right angles with that of the 
first engine, would acquire. 

186. Q. — Then in a steam vessel the valve of one 
engine may be worked from the piston of the other ? 

A, — Yes, it may ; or it may be worked from its 
own connecting rod ; and in the case of locomotive 
tmgines, this has sometimes been done. 

187. Q . — What is meant by the lead of the valve? 

A, — The amount of opening which the valve 

presents for the admission of the steam, when the 
piston is just beginning its stroke. It is found 
expedient that the valve should have opened a little 
to admit steam on the reverse side of the piston before 
the stroke terminates ; and the amount of this opening. 
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wliich is given by turning the eccentric more or less 
round upon the shaft, is what is termed the lead. 

188. Q. — And what is meant by the lap of the 
valve ? 

A. — It is an elongation of the valve face to a 
certain extent over the port, whereby the port is 
closed sooner than would otherwise be the case. This 
extension is chiefly effected at that part of the valve 
where the steam is admitted, or upon the steam side 
of the valve, as the teclinical phrase is ; and the 
intent of the extension is to close the steam passage 
before the end of the stroke, whereby the engine is 
made to operate to a certain extent expansively. In 
some cases, however, there is also a certain amount of 
lap given to the escape or eduction side, to prevent 
the eduction from being performed too sdbn when the 
lead is great ; but in all cases there is far less lap on 
the eduction than on the steam side, very often there 
is none, and sometimes less than none, so that the 
valve is incapable of covering both the ports at once. 

189. Q. — What is the usual proportional length 
of stroke of the valve ? 

A. — The common stroke of the valve in rotative 
engines is twice the breadth or depth of the port, and 
the length of the valve face will then be just the 
breadth of the port when there is lap on neither the 
steam nor eduction side. Whatever lap is given, 
therefore, makes the valve face just so much longer. 
In some engines, however, the stroke of the valve is a 
good deal more than twice the breadth of the port ; 
and it is to the stroke of the valve that the amount of 
lap should properly be referred. 
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190. Q. — Can you tell what amount of lap will 
accomplish any given amount of expansion ? 

A» — Yes, when the stroke .of the valve is known. 
From the length of the stroke of the piston subtract 
that part of the stroke which is intended to be accom- 
plished before the steam is cut off; divide the re- 
mainder by the length of the stroke of the piston, and 
extract the square root of the quotient, which multiply 
by half the stroke of the valve, and from the product 
take half the lead; the remainder will be the lap 
required. 

191. Q. — Can you state how we may discover at 
what point of the stroke the eduction passage will be 
closed ? 

A. — To find how much before the end of the stroke 
the edr^'tion passage will be closed; — to the lap on 
the stea i side add the lead, and divide the sum by 
half the stroke of the valve ; find the arc whose sine 
is equal to the quotient, and add 90° to it ; divide the 
lap on the eduction side by half the stroke of the 
valve, and find the arc whose cosine is equal to the 
quotient ; subtract this arc from the one last obtained, 
and find the cosine of the remainder; subtract this 
cosine from 2, and multiply the remainder by half the 
stroke of the piston ; the product is the distance of 
the piston from the end of the stroke when the 
eduction passage is closed. 

192. Q. — Can you explain how we may determine 
the distance of the piston from the end of the stroke, 
before the steam urging it onward is allowed to escape ? 

A, — To find Iiow far the piston is from the end of 
it«! stroke when the steam that is propelling it by 
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expansion is allowed to escape to the atmosphere or 
condenser : — to the lap on the steam side add the 
lead ; divide the sum by half the stroke of the valve, 
and find the arc whose sine is equal to the quotient ; 
find the arc whose sine is equal to the lap on the 
eduction side, divided by half the stroke of the valve ; 
add these two arcs together and subtract 90® ; find the 
cosine of the residue, subtract it from 1, and multiply 
the remainder by half the stroke of the piston ; the 
product is the distance of the piston from the end of 
its stroke when the steam that is propelling it is 
allowed to escape into the atmosphere or condenser. 
In using these rules, all the dimensions are to be 
taken in inches, and the answers will be found in 
inches also. 

193. Q . — Is it a benefit or a detriment to open the 
eduction passage before the end of the stroke ? 

j4, — In engines working at a high rate of speed, 
such as locomotive engines, it is very important to 
open the exhaust passage for the escape of the steam 
before the end of the stroke, as an injurious amount 
of back pressure is thus prevented. In the earlier 
locomotives a great loss of effect was produced from 
inattention to this condition ; and when lap was 
applied to the valves to enable the steam to be worked 
expansively, it was found that a still greater benefit 
was collaterally obtained by the earlier escape of the 
steam from the eduction passages, and which was 
incidental to the application of lap to the valves. The 
average consumption of coke per mile was reduced by 
Mr. Woods from 40 lbs. per mile to 15 lbs per mile, 
chiefly by giving a free outlet to the escaping steam. 
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194. Q. — To what extent can expansion be carried 
beneficially by means of lap upon the val^e ? 

A , — To about one-third of the stroke ; that is, the 
valve may be made with so much lap, that the steam 
will be cut off when two-tliirds of the stroke have 
been performed, leaving the residue to be accomplished 
by tlie agency of the expanding steam ; but if a much 
further amount of expansion than this is wanted, it 
may be accomplished by wire drawing the steam, or 
by so contracting the steam passage that the pressure 
within the cylinder must decline when the speed of 
the piston is accelerated, as it is about the middle of 
the stroke. 

195. Q. — Will you explain how this result ensues ? 

ji , — If the valve bo so made as to shut off the 

steam by the time two thirds of the stroke have been 
performed, and the steam be at the same time throt- 
tled in the steam pipe, the full pressure of the steam 
within the cylinder cannot be maintained except near 
the beginning of the stroke, where the piston travels 
slowly ; for, as the speed of the piston increases, the 
pressure necessarily subsides, until the piston ap- 
proaches the other end of the cylinder, where the 
pressure would rise again but that the operation of 
the lap on the valve by this time has had the effect 
of closing the communication between the cylinder 
and steam pipe, so as to prevent more steam from 
entering. By throttling the steam, therefore, in the 
manner here indicated, the amount of expansion due 
to the lap may be doubled, so that an engine with lap 
enough upon the valve to cut off the steam at two- 
thirds of the stroke, may, by the aid of wire drawing, 
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be virtually rendered capable of cutting off tlie steam 
at one-tliird of the stroke. 

196. Q. — ^Is this the usual way of cutting off the 
steam ? 

A. — No ; the usual manner of cutting off the steam 
is by means of a separate valve, termed an expansion 
valve ; but such a device appears to be hardly neces- 
sary in ordinary engines, especially if fitted with the 
link motion, by which a very efficient expansive 
action of the steam is obtainable by shortening the 
throw of the valve, which virtually increases the lap. 
Ill the Cornish engines, where the steam is cut off' in 
some cases at one-twelfth of the stroke, a separate 
valve for the admission of steam, other than that 
which permits its escape, is nearly indispensable ; but 
in common rotative engines a separate expansion 
valve does not appear to be required. 

197. Q. — That is, where much expansion is re- 
quired an expansion valve is a proper appendage, but 
where not much is required a separate expansion 
valve may be dispensed with. 

A, — Precisely so. The wire drawing of the steam 
causes a loss of part of its power, and the result will 
not be quite so advantageous by throttling as by 
cutting off. But for moderate amounts of expansion 
it will suffice, provided there be lap upon the slide 
valve. 

198. Q. — Will you explain the structure or con- 
figuration of expansion apparatus of the usual con- 
struction ? 

A . — The structure of expansion apparatus is very 
various; but all the kinds operate either on the 
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principle of giving such a motion to the slide valve 
as will enable it to cut off the steam at the desired 
point, or on the principle of shutting off the steam by 
a separate valve in the steam pipe or valve casing. 
The first class of apparatus has not been found so 
manageable, and is not in extensive use, except in 
that form known as the link motion. Of the second 
class, the most simple probably is the application of a 
cam, giving motion to the throttle valve, or to a valve 
of the same construction, which cither accurately fits 
the steam pipe, or which comes round to a face, which, 
however, it is restrained from touching by a suitable 
construction of the cam. A kind of expansion valve, 
often employed in marine engines of low speed, is the 
kind used in the Cornish engines, and known as the 

equilibrium valve. This 
valve is represented in 
fuj, 27. It consists sub- 
stantially of an annulus 
or bulging cylinder of 
brass, with a steam- 
tight face both at its 
upper and lower edges, 
at which points it fits 
accurately upon a sta- 
tionary seat. This an- 
nulus may be raised or 
lowered without being 
resisted by the pres- 
sure of the steam, and 
in rotative engines it is usually worked by a cam on 
the shaft. Tiie expansion cam is put on the shaft 


Fig. 27. 
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in two pieces, which are fastened to each other by 
means of four bolts passing through lugs, and is fixed 
to the shaft by keys. A roller at one end of a bell- 
crank lever, which is connected with the expansion 
valve, presses against the cam, so that the motion 
of the lever will work the valve. The roller is kept 
against the cam by a weight on a lever attached to the 
same shaft, but a spring is necessary for high speeds. 
If tlie cam were concentric with the shaft, the lever 
which presses upon it would remain stationary, and 
also the expansion valve; but by the projection of the 
cam, the tmd of tlie lever receives a reciprocating mo- 
tion, which is communicated to the valve. 

199. Q. — The cam then works the valve ? 

A, — Yes. The position of the projection of the cam 
determines the point in relation to the stroke at which 
the valve is opened, and its circumferential length 
determines the length of the time during which the 
valve continues open. The time at which the valve 
should begin to open is the same under all circum- 
stances, but the duration of its opening varies with 
the amount of expansion desired. In order to obtain 
this variable extent of expansion, there are several 
projections made upon the cam, each of which gives a 
different degree, or grade as it is usually called, of 
expansion. These grades all begin at the same point 
on the cam, but are of different lengths, so that they 
begin to move the lever at the same time, but differ 
in the time of returning it to its original position. 

200. Q. — How is the degree of expansion changed ? 

A , — The change of expansion is effected by moving 

the roller on to the desired grade ; which is done by 



126 SPRING TO KEEP ROLLER AGAINST CAM. 


slipping the lever carrying the roller endways on 
the shaft or pin sustaining it. 

201. Q. — Are such cams applicable in all cases? 

A, — In engines moving at a high rate of speed the 

roller will be thrown back from the cam by its mo- 
mentum, unless it be kept against it by means of 
springs. In some cases I have employed a spring 
formed of a great number of discs of India rubber to 
keep the roller against the cam, but on the whole a 
small vacuum cylinder appears to be the kind of 
spring least liable to derangement. 

202. Q. — May not the percussion incident to the 
action of a cam at a high speed, when the roller is not 
kept up to the face by springs, be obviated by giving 
a suitable configuration to the cam itself? 

A — It may at all events be reduced. The outline 
of the cam should be a parabola, so that the valve 
may be set in motion precisely as a falling body 
would be ; but it will, nevertheless, be necessary that 
the roller on which the cam presses should be forced 
upward by a spring rather than by a counterweight, 
as there will thus be less inertia or mooientum in the 
mass that has to be moved. 

203. Q. — An additional slide valve is sometimes 
used for cutting off the steam ? 

A, — ^Yes, very frequently ; and the slide valve is 
sometimes on the side or back of the valve casing, 
and sometimes on the back of the main or distributing 
valve, and moving with it 

204. Q.. — Are cams used in locomotive engines ? 

A * — In locomotive engines the use of cams is in- 
admissible, and other expedients are employed, of 
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which those contrived by Stephenson and by Cabrey 
operate on the principle of accomplishing the requisite 
variations of expansion by altering the throw of the 
slide valve. 

205. Q. — What is Stephenson’s arrangement ? 

— Stephenson connects the ends of the forward 
and backward eccentric rods by a link with a curved 
slot in which a pin upon the end of the valve rod 
works. By moving this link so as to bring the for- 
ward eccentric rod in the same line with the valve 
rod, the valve receives the motion due to that eccen- 
tric ; whereas if the backward eccentric rod is brought 
in a line with the valve rod, the valve gets the motion 
proper for reversing, and if the link be so placed that 
the valve rod is midway between the two eccentric! 
rods, the valve will remain nearly stationary. This 
arrangement, which is now employed extensively, is 
what is termed “ the link motion.” It is represented 
in the annexed figure, fig, 28., where e is the valve 
rod, which is attached by a pin to an open curved 
link susceptible of being moved up and down by the 
bell-crank lever /"y*", supported on the centre and 
acting on the links while the valve rod c remains in 
the same horizontal plane; dd' are the eccentric rods, 
and the link is represented in its lowest position. 
The dotted lines h'h" show the position of the eccentric 
rods when the link is in its highest position, and IV 
when in mid position. 

206. Q. — ^What is Cabrey ’s arrangement ? 

A . — Mr. Cabrey makes his eccentric rod terminate 
in a pin which works into a straight slotted lever, 
furnished with jaws similar to the jaws on the eccen- 
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trie rods of locomotives. By raising the pin of tTie 
eccentric rod in this slot, the travel of the valve will 
be varied, and expansive action will be the result. 



207. Q , — What other forms of apparatus are there 
for working steam expansively ? 
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A. — They are too numerous for description here, 
but a few of them may be enumerated. Fenton seeks 
to accomplish the desired object by introducing a 
spiral feather on the crank axle, by moving the 
eccentric laterally against which the eccentric is 
partially turned round so as to cut off the steam at a 
different part of the stroke. Dodds seeks to attain 
the same end by corresponding mechanical arrange- 
ments. Farcot, Edwards, and Lavagrian cut off the 
steam by the application of a supplementary valve at 
the back of the ordinary valve, which 8uj>plementary 
valve is moved by tappets fixed to the valve casing. 
Bodmer in 1841, and Meyer in 1842, employed two 
slides or blocks fitted over apertures in the ordinary 
slide valve, and which blocks were approximated or 
set apart by a right and left handed screw passing 
through both.* Hawthorn, in 1843, employed as an 

In 1838 I patented an arrangement of expansion valve, 
consisting of two movable plates set upon the ordinary sli<le 
valve, and which might bo drawn together or asunder by means 
of a right and left handed screw passing through both plates. 
The valve spindle was hollow, and a prolongation of the sereu' 
passed up through it, and was armed on the top with a small 
wheel, by means of which the plates miglit he adjusted while the 
engine W'as at work. In 1839 I fitted an expansion valve in a 
steam vessel, consisting of two plates, connected by a rod, and 
moved by tappets up against the steam edges of the valve. In 
another steam vessel 1 fitted the same species of valve, but the 
motion was not derived from tappets, but from a moving part of 
the engine, though at the moderate speed at which these engines 
worked I found tappets to operate well and make little noise. 
In 1837 I employed, as an expansion valve, a rectangular 
throttle valve, accurately fitting a bored out seat, in which it 
might be made to revolve, though it did not revolve in working. 
This valve was moved by a pin in a pinion, making two revolu- 
tions for every revolution of the engine, and the configuration of 
the seat determined the amount of the expansion. In 1855 J 
K 
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expansion valve a species of frame lying on the ordi- 
nary cylinder face upon the outside of the valve, and 
working up against the steam side of the valve at 
each end so as to cut off the steam. . In the same year 
Gonzenbach patented an arrangement which consists 
of an additional slide valve and valve casing placed 
on the back of the ordinary slide valve casing, and 
through this supplementary valve the steam must first 
pass. This supplementary valve is worked by a 
double ended lever, slotted at one end for the recep- 
tion of a pin on the valve link, the position of which 
in the slot determines the throw of the supplementary 
and the consequent degree of expansion. 

208. Q.*»*-What is the arrangement of expansion 
valve used in the most approved modern engines ? 

ji , — In modern engines, either marine or locomo- 
tive, it is found that if they are fitted with the link 
motion, as they nearly all are, a very good expansive 
action can be obtained by giving a suitable adjust- 
ment to it, without employing an expansion valve at 
all. Diagrams taken from engines worked in this 
manner show a very excellent result, and most of the 
modern engines trust for their expansive working to 
the link motion and the throttle valve. 

have again used expansion valves of this construction in engines 
making 100 revolutions per minute, and with perfectly satisfac- 
tory results. — J. B. 
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HORSES POWER. 

209. <2* — What do you understand by a liorse 
power? 

A » — An amount of mechanical force that will raise 
83,000 lbs. one foot high in a minute. This standard 
was adopted by Mr. Watt, as the average force exerted 
by the strongest London horses ; the object of his in- 
vestigation being to enable him to determine the rela- 
tion between the power of a certain size of engine and 
the power of a horse, so that when it was desired to 
supersede tlie use of horses by the erection of an 
engine, he might, from the number of horses em- 
ployed, determine tlie size of engine that would be 
suitable for the work. 

210. Q. — Then, when we talk of an engine of 200 
horse power, it is meant that the impelling efficacy is 
equal to that of 200 horses, each lifting 33,000 lbs, 
one foot high in a minute ? 

A. — No, not now ; such was the case in Watt's 
engines, but the capacity of cylinder answerable to a 

K 2 
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horse power has been increased by most engineers 
since his time, and the pressure on the piston has 
been increased also, so that what is now called a 200 
horse power engine exerts, almost in every case, a 
greater power than was exerted in Watt’s time, and a 
horse power, in the popular sense of the term, has 
become a mere conventional unit for expressing a 
certain size of engine, without reference to the power 
exerted. 

211. Q. — Then each nominal horse power of a 
modern engine may raise much more than 33,000 lbs. 
one foot high in a minute ? 

A, — Yes ; some raise 52,000 lbs., others 60,000 lbs., 
ai d others 66,000 lbs., one foot high in the minute by 
ear’» nominal horse power. Some engines indeed work 
as high as eight times above the nominal power, and 
therefore no comparison can be made between the 
performances of different engines, unless the power 
actually exerted be first discovered. 

212. Q How is the power actually exerted by 

engines ascertained ? 

A. — By means of an instrument called the in- 
dicator, which is a miniature cylinder and piston at- 
tached to the cylinder cover of the main engine, and 
which indicates, by the pressure exerted on a spring, 
the amount of pressure or vacuum existing within the 
cylinder. From this pressure, expressed in pounds 
per square inch, deduct a pound and a half of pressure 
for friction, the loss of power in working the air 
pump, &c. ; multiply the area of the piston in square 
inches by this residual pressure, and by the motion of 
the piston, in feet per minute, and divide by 33,000 ; 
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the quotient is the actual number of horses power of 
the engine. The same result is attained by squaring 
the diameter of the cylinder, multiplying by the pres- 
sure per square inch, as shown by the indicator, less 
a pound and a half, and by the motion of the piston, 
in feet per minute, and dividing by 42,017. 

213. Q. — How is the nominal power of an engine 
ascertained ? 

A. -i- Since the nominal power is a mere conven- 
tional expression, it is clear that it must be determined 
by a merely conventional process. The nominal power 
of ordinary condensing engines may be ascertained by 
the following rule : multiply the square of the diameter 
of the cylinder in inches, by the velocity of the piston 
in feet per minute, and divide the product by 6000 ; 
the quotient is the number of nominal horses power. 
In using this rule, however, it is necessary to adopt 
the speed of piston prescribed by Mr. Watt, which 
varies with the length of the stroke. The speed of 
piston with a 2 feet stroke is, according to his 
system, 160 per minute ; with a 2 ft. 6 in. stroke, 170; 
3 ft., 180 ; 3 ft. 6 in., 189 ; 4 ft., 200 ; 5 ft., 215 ; 6 ft., 
228 ; 7 ft., 245 ; 8 ft., 256 ft. 

214. Q. — Does not the speed of the piston increase 
with the length of the stroke ? 

A, — It does : the speed of the piston varies nearly 
as the cube root of the length of the stroke. 

215. Q. — And may not therefore some multiple 
of the cube root of the length of the stroke be substi- 
tuted for the velocity of the piston in determining the 
nominal power ? 

A^ — The substitution is quite practicable, and will 
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accomplish some simplification, as the speed of piston 
proper for the dilFerent lengths of stroke cannot 
always be remembered. The rule for the nominal 
power of condensing engines when thus arranged will 
be as follows : multiply the square ol‘ the diameter of 
the cylinder in inches by the cube root of the stroke 
in feet, and divide the product by 47 ; the quotient is 
the number of nominal liorses power of the engine, 
supposing it to be of the ordinary condensing descrip- 
tion. This rule assumes the existence of a uniform 
effective pressure upon the piston of 7 lbs. per square 
inch ; Mr. Watt estimated the effective pressure upon 
the piston of his 4 horse power engines at 6*8 lbs. per 
square inch, and the pressure inci-eased slightly with 
the power, and became 6*94 lbs. per square inch in 
engines of 100 horse power; but it appears to be 
more convenient to take a uniform pressure of 7 lbs. 
for all powers. Small engines, indeed, are somewhat 
less effective in proportion than large ones, but the 
difference can bt made up by slightly increasing the 
pressure in the boiler ; and small boilers will bear 
such an increase without inconvenience. 

216. Q — How do you ascertain the power of high 
pressure engines ? 

A. — The actual power is readily ascertained by 
the indicator, by the same process by which the actual 
power of low pressure engines is ascertained. The 
friction of a locomotive engine when unloaded is 
found by experiment to be about 1 lb. per square 
inch on the surface of the pistons, and the additional 
friction caused by any additional resistance is esti- 
mated at about *14 of that resistance ; but it will be 
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a sufficiently near approximation to the power con- 
sumed by friction in high pressure engines, if we 
make a deduction of a pound and a half from the 
pressure on that account, as in the case of low pressure 
engines. High pressure engines, it is true, have no 
air pump to work ; but the deduction of a pound and 
a half of pressure is relatively a much smaller one 
where the pressure is high, than where it does not 
much exceed the pressure of the atmosphere. The 
rule, therefore, for the actual horse power of a higli 
pressure engine will stand thus : square the diameter 
of the cylinder in inches, multiply by the pressure of 
the steam in the cylinder per square inch less l| lb., 
and by the speed of the piston in feet per minute, and 
divide by 42,017 ; the quotient is the actual horse 
power. 

217. Q. — But how do you ascertain the nominal 
horse power of high pressure engines ? 

A. — The nominal horse power of a high pressure 
engine has never been defined ; but it should obviously 
hold the same relation to tlie actual power as that 
which obtains in the case of condensing engines, so 
that an engine of a given nominal power may be 
capable of performing the same work, whether high 
pressure or condensing. This relation is maintained 
in the following rule, which expresses the nominal 
horse power of high pressure engines : multiply the 
square of the diameter of the cylinder in inches by 
the cube root of the length of stroke in feet, and 
divide the product by 15’6. This rule gives the 
nominal power of a high pressure engine three times 
greater than that of a low pressure engine of the 
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same dimensions ; the average effective pressure being 
taken at 2 1 lbs. per square inch instead of 7 lbs., and 
the speed of the piston in feet per minute being in 
both rules 128 times the cube root of the length of 
stroke.* 

218. Q. — Is 128 times the cube root of the stroke 
in feet per minute the ordinary speed of all engines ? 

A, — Locomotive engines travel at a quicker speed, 
— an innovation brought about not by any process of 
scientific deduction, but by the accidents and exigencies 
of railway transit. Most other engines, however, 
travel at about the speed of 128 times the cube root 
of the stroke in feet; but some marine condensing 
engines of recent construction travel at as high a rate 
as 700 feet per minute. To mitigate the shock of tlie 
air pump valves in cases in which a high speed has 
been desirable, as in the case of marine engines em- 
ployed to drive the screw propeller without interme- 
diate gearing, India rubber discs, resting on a per- 
forated metal plate, are now generally adopted ; but 
the India rubber should be very thick, and the guards 
employed to keep the discs down should be of the 
same diameter as the discs themselves. 

219. Q. — Can you suggest any eligible method of 
enabling condensing engines to work satisfactorily at 
a high rate of speed ? 

A * — The most feasible way of enabling condensing 
engines to work satisfactorily at a high speed, appears 
to lie in the application of balance weights to the 

♦ Tables of the horse power of both high and low press^irc 
engines are given in the Key. 
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engine, so as to balance the momentum of its moving 
parts, and the engine must also be made very strong 
and rigid. It appears to be advisable to perform the 
condensation partly in the air pump, instead of alto- 
gether in the condenser, as a better vacuum and a 
superior action of the air pump valves will thus be 
obtained. Engines constructed upon this plan may 
be driven at four times the speed of common engines, 
whereby an engine of large power may be purchased 
for a very moderate price, and be capable of being 
put into a very small compass; while the motion, 
from being more equable, will be better adapted for 
most purposes for which a rotary motion is required. 
Even for pumping mines and blowing iron furnaces, 
engines of this kind appear likely to come into use, 
for they are more suitable than other engines for 
driving the centrifugal pump, which in many cases 
appears likely to supersede other kinds of pumps for 
lifting water ; and they are also conveniently appli- 
cable to the driving of fans, which, when so arranged 
that the air condensed by one fan is employed to feed 
another, and so on through a series of 3 or 4, have 
succeeded in forcing air into a furnace with a pres- 
sure of 2^ lbs. on the square inch, and with a far 
steadier flow than can be obtained by a blast engine 
with any conceivable kind of compensating apparatus. 
They are equally applicable if blast cylinders be em- 
ployed. 

220. Q. ■— Then, if by this modification of the en- 
gine you enable it to work at four times the speed, 
you also enable it to exert four times the power ? 

A. — Yes ; always supposing it to be fully supplied 
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with steam. The nominal power of this new species 
of engine can readily be ascertained by taking into 
account the speed of the piston, and this is taken into 
account by the Admiralty rule for power. 

221. Q. — What is tlie Admiralty rule for deter* 
mining tlie power of an engine? 

A. — Square the diameter of the cylinder in inches, 
which multiply by the speed of the piston in feet per 
minute, and divide by 6000 ; the quotient is the powx*i' 
of the engine by Admiralty rule.* 

222. Q. — The high speed engine does not require 
so heavy a fly wheel as common engines ? 

A. — No; the fly wheel w'ill be lighter, both by 
virtue of its greater velocity of rotation, and because 
the impulse communicated by the piston is less in 
amount and more frequently n'peated, so as to ap- 
proach more nearly to the condition of a uniform 
pressure. 

223. Q. — Can nominal be transformed into actual 
horse power ? 

A. — No; that is not possible in the case of common 
condensing engines. The actual power exerted by an 
engine cannot be deduced from its nominal power, 
neither can the nominal power be deduced from the 
power actually exerted, or from anything else than 
the dimensions of the cylinder. The actual horse 
power being a dynamical unit, and the nominal horse 


Example . — What is the power of an engine of 42 inches dia- 
meter, 3^ feet stroke, and making 85 strokes per minute ? Tlie 
speed ortho piston will be 7 (the length of a double stroke) x 
85 = 595 feet per minute. JJow 42 x 42 ~ 1764 x 595 = 1, 049,58c 
•7*0000=175 horses power. 
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power a measure of capacity of the cylinder, are 
obviously incomparable things. 

224. Q, — That is, the nominal power is . a commer- 
cial unit by which engines are bought and sold, and 
the actual power a scientific unit by which the quality 
of their performance is determined ? 

A, — Yes ; the nominal power is as much a com- 
mercial measure as a yard or a bushel, and is not a 
thing to be ascertained by any process of science, but 
to be fixed by authority in the sanio manner. as other 
measures. The actual power, on the contrary, is a 
meclianical force or dynamical effort capable of raising 
a given weight through a given distance in a given 
time, and of which the amount is ascertainable hy 
scientific investigation. 

225. Q Is there any other measure of an actual 

horse power than 33,000 lbs. raised one foot high in 
the minute ? 

A» — There cannot be any different measure, but 
there are several equivalent measures. Thus the 
evaporation of a cubic foot of water in the hour, or 
the expenditure of 33 cubic feet of low pressure steam 
per minute, is reckoned equivalent to an actual horse 
power, or 528 cubic feet of water raised one foot high 
in the minute involves the same result. 


DUTY OP ENGINES AND BOILERS. 

226. Q. — What is meant by the duty of an engine ? 
A . — The work done in relation to the fuel cen- 

sumed. 

227. Q. — And how is the duty ascertained ? 
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A . — In ordinary mill or marine engines it can only 
be ascertained by the indicator, as the load upon such 
engines is variable, and cannot readily be determined ; 
but in the case of engines for pumping water, where the 
load is constant, the number of strokes performed by the 
engine will represent the work done, and the amount 
of work done by a given quantity of coal represents 
the duty. In Cornwall the duty of an engine is ex- 
pressed by the number of millions of pounds raised 
one foot high by a bushel, or 94 lbs. of Welsh coal. A 
bushel of Newcastle coal will only weigh 84 lbs. ; and 
h'- comparing the duty of a Cornish engine with the 
j)crformance of an engine in some locality where a 
different kind of coal is used, it is necessary to pay 
regard to such variations. 

228 Q, — Can you tell the duty of an engine when 
you knc v its consumption of coal per horse power per 
hour ? 

A . — Yes, if the power given be the actual, and not 
the nominal, power. Divide 166*32 by the number of 
pounds of coal consumed per actual horse power per 
liour ; the quotient is the duty in millions of pounds. 
If you already have the duty in millions of pounds, and 
wish to know the equivalent consumption in pounds 
per actual horse power per hour, divide 166*32 by the 
duty in millions of pounds ; the quotient is the con- 
sumption per actual horse power per hour. The duty 
of a locomotive engine is expressed by the weight of 
coke it consumes in transporting a ton through the 
distance of one mile upon a railway ; but this is a very 
imperfect method of representing the duty, as the 
tractive efficacy of a pound of coke becomes less as the 
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Speed of the locomotive becomes greater ; and the la^v 
of variation is not accurately known. 

229. Q. — What amount of power is generated in 
good engines of the ordinary kind by a given weight 
of coal ? 

A. — The duty of different kinds of engines varies 
very much, and there are also great differences in the 
performance of different engines of the same class. In 
ordinary rotative condensing engines of good construc- 
tion, 10 lbs. of coal per nominal horse power per hour 
is a common consumption; but such engines exert 
nearly twice their nominal power, so that the con- 
sumption per actual horse power per hour may be 
taken at from 5 to 6 lbs. Engines working very ex- 
pansively, however, attain an economy much superior 
to this. The average duty of the pumping engines in 
Cornwall is about 60,000,000 lbs. raised 1 ft. high by 
a bushel of Welsh coals, which weighs 94 lbs. This 
is equivalent to a consumption of 3*1 lbs. of coal per 
actual horse power per hour ; but some engines reach 
a duty of above 100,000,000, or 1*74 lbs. of coal per 
actual horse power per hour. Locomotives consume 
from 8 to 10 lbs. of coke in evaporating a cubic foot 
of water, and the evaporation of a cubic foot of water 
per hour may be set down as representing an actual 
horse power in locomotives as well as in condensing 
engines, if expansion be not employed. When the 
locomotive is worked expansively, however, there is of 
course a less consumption of water and fuel per horse 
power, or per ton per mile, than when the full pres- 
sure is used throughout the stroke ; and most locomo* 
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tives now operate with as much expansion as can be 
conveniently given by the slide valves. 

230. Q. — But is not the evaporative power of loco- 
motives affected materially by the proportions of the 
boiler ? 

A, — Yes, but this may be said of all boilers ; but in 
locomotive boilers, perhaps, the effect of any mispro- 
portion becomes more speedily manifest. A high 
temperature of the fire box is found to be conducive 
to economy of fuel ; and this condition, in its turn, in- 
volves a small area of grate bars. The heating sur- 
face of locomotive boilers should be about 80 square 
feet for each square foot of grate bars, and upon each 
foot of gintc bars about 1 cwt. of coke should be burnt 
in the hour. 

231. Q. — Probably the heat is more rapidly ab- 
sorbed when the temperature of the furnace is liigh ? 

A. — That seems to be the explanation. The rapi- 
dity with wh; .h a hot body imparts heat to a colder, 
varies as the square of the difference of temperature ; 
so that if tlie temperature of the furnace be very high, 
the larger part of the heat passes into the water at the 
furnace, thereby leaving little to be transmitted by the 
tubes. If, on the contrary, the temperature of the 
furnace be low, a large part of the heat will pass into 
the tubes, and more tube surface will be required to 
absorb it. About 16 cubic feet of water should be 
evaporated by a locomotive boiler for each square foot 
of lire grate, which, with the proportion of heating 
surface already mentioned, leaves 5 square feet of 
heating surface to evaporate a cubic foot of water in 
the hour. This is only about half the amount of sur- 
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face usual in land and marine boilers per cubic foot 
evaporated, and its small amount is due altogether 
to the high temperature of the furnace, which, by the 
rapidity of transmission it causes, is tantamount to 
an additional amount of heating surface. 

232. Q, — You have stated that the steam and 
vacuum gauges are generally glass tubes, up which 
mercury is forced by the steam or sucked by the 
vacuum ? 

A — Vacuum gauges are very often of this con* 
struction, but steam gauges more frequently consist of 
a small iron tube, bent like the letter U, and into 
which mercury is poured. The one end of this tube 
communicates with the boiler, and the other end with 
the atmosphere ; and when the pressure of the steam 
rises in the boiler, the mercury is forced down in the 
leg communicating with the boiler, and rises in the 
other leg, and the difference of level in the legs de- 
notes the pressure of the steam. In this gauge a rise 
of the mercury one inch in the one leg involves a dif- 
ference of level between the two legs of two inches, 
and an inch of rise is, tlierefore, equivalent to two 
inches of mercury, or a pound of pressure. A small 
float of wood is placed in the open leg to show the 
rise or fall of the mercury, and this leg is surmounte<l 
by a brass scale, graduated in inches, to the marks of 
which the float points. 

233. Q. — What other kinds of steam and vacuum 
gauges are there ? 

A. — There are many other kinds; but probably 
Bourdon^s gauges are now in more extended use than 
any other, and their operation has been found to be 
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satisfactory in practice. The principle of their action 
may be explained to be, that a thin elliptical metal 
tube, if bent into a ring, will seek to coil or uncoil 
itself if subjected to external or internal pressure, and 
to an extent proportional to the pressure applied. 
The end of the tube is sharpened into an index, and 
moves to an extent corresponding to the pressure ap- 
plied to the tube ; but in the more recent forms of this 
apparatus, a dial and hand, like those of a clock, are 
employed, and the hand is moved round by a toothed 
sector connected to the tube, and which sector acts on 
a pinion attached to the hand. Mr. Shank, of Paisley, 
has lately introduced a form of steam gauge like a 
thermometer, with a flattened bulb ; and the pressure 
of the steam, by compressing the bulb, causes the 
mercury to rise to a point proportional to the pressure 
applied. 


THE INDICATOR. 

234. Q. — You have already stated that the actual 
power of an engine is ascertained by an instrument 
called the indicator, which consists of a small cylinder 
with a piston moving against a spring, and compress- 
ing it to an extent answerable to the pressure of the 
steam. Will you explain further the structure and 
mode of using that instrument ? 

A , — The structure of the common form of indicator 
will be most readily apprehended by a reference to 
/ig, 29., which is a section of M ‘Naught’s indicator. 
Upon a movable barrel a, a piece of paper is wound, 
the ends of which are secured by the slight brass 
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clamps shown in the drawing. The barrel is sup- 
ported by the bracket proceeding from tlie body of 
Ftg. 20 . the indicator, and at the bottom 

of tlie barrel a watch spring is 
coiled with one end attached to 
the barrel and the other end to 
the bracket, so tliut when the 
barrel is drawn round by a sti-ing 
wound upon its lower end like a 
roller blind, tlie spring returns 
the barrel to its original position 
when the string is relaxed, Tlie 
string is attached to some suit- 
able part of the engine, and at 
every stroke the string is drawn 
out, turning round the barrel, and 
the barrel is returned again by 
the spring on the return stroke. 

235. Q. — But in what way can 
these reciprocations of the barrel 
determine the power of the engine ? 

A . — They do not determine it 
of themselves, but are only part 
of the operation, c is a small 
piston moving steam tight in a 

M'NaL'GHt’s InUICATOR. 7. 1 1 

cylinder, a is the piston rod, and 
e a spiral spring of steel, which the piston, when 
forced upwards by the steam or sucked downwards 
by the vacuum, either compresses or extends ; / is a 
cock attached to the cylinder of the indicator, and 
which is screwed into the cylinder cover. It is 
obvious that, so soon as this cock is opened, the 
I. 
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piston c will be forced up when the space above the 
piston of the engine is opened to the boiler, and sucked 
down when that space is opened to tlie condenser — • 
in each case to an extent proportionate to the pressure 
of the steam or the perfection of the vacuum, the top 
of the piston c being open to the atmosphere. A 
t)encil, with a knife hinge, is inserted into the piston 
rod at e, and the point of the pencil bears upon the 
surface of the paper wound u})on the diaiin A. If the 
drum A did not revolve, this pencil would merely 
trace on the paper a vertical line ; but as the drum a 
moves round and back again every stia>ke of the 
engine, and as the pencil moves up and down again 
every stroke of the engine, the combined movements 
trace upon the paper a species of rectangle, which is 
called au indicator diagram; and the nature of tliis 
diagram determines the nature of the engine's per- 
formance. 

236. Q. — If >w docs it do this ? 

A, — It is clear that if the pencil was moved up in- 
stautaneously to the top of its stroke, and was also 
moved down instantaneously to tho bottom of its 
stroke, and if it remained without fluctuation while at 
the top and bottom, the figure described by the pencil 
would be a perfect rectangle, of which the vertical 
height would represent the total pressure of the 
steam and vacuum, and therefore the total pressure 
urging the piston of the engine. But in practice the 
pencil will neither rise nor fall instantaneously, nor 
will it remain at a uniform height throughout the 
stroke. If the steam be worked expansively tho 
pressure will begin to fall so soon as the steam is cut 
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off; and at the end of the stroke, when the steam comes 
to be discharged, tlie subsidence of pressure will not 
be instantaneous, but will occupy an appreciable time« 
It is clear, therefore, that in no engine can the 
diagram described by an indicator be a complete 
rectangle ; but tlie more nearly it approaches to a 
rectangle the larger will be the power px^oduced at 
every stroke with any given pressure, and the ai'ca of 
the space included within the diagi*am will in every 
case accurately represent the power exerted by the 
engine during that stroke. 

237. Q. — And how is this area ascertained ? 

A , — It may be ascertained in various ways ; but the 
usual mode is to take the vertical height of tlie 
diagram at a number of equidistant points on a base 
line, and then to take the mean of these several 
heights as representative of the mean pressure actu- 
ally urging the piston. Now if you have the pressure 
on tlie piston per squarj inch, and if you know the 
number of square inches in its area, and the velocity 
with which it moves in feet per minute, you have 
obviously the dynamical effort of the engine, or, in 
other ^vords, its actual power. 

238. Q. — How is the base line j^ou have referred to 
obtained ? 

A , — In proceeding to take an indicator diagram 
the first thing to be done is to allow the barrel to 
make two or three reciprocations with the pencil 
resting against it, before opening the cock attaclicd to 
the cylinder. There will thus be traced a horizontal 
line, which is called the atmospheric line, and in con- 
densing engines, a part of the diagram will be above 
I. 2 
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and a part of it below this line ; whereas, in high 
pressure engines the whole of the diagram will be 
above this line. Upon this line the vertical ordinates 
may be set off at equal distances, or upon any base 
line parallel to it; but the usual course is to erect the 
ordinates on the atmospheric line. 

239. Q. — Will you give an example of an indicator 
diagram ? 

A, — Fig, 30. is an indicator diagram taken from a 

Fig. 30. 


Stea m. Strohf 



high pressure engine, and the waving line a, b, c, 
forming a sort of irregular parallelogram, is that 
which is described by the pencil. As there is no 
vacuum in this engine the atmospheric line will be 
below the diagram, and it is represented by the line 
A B. The scale at the side shows the pressure of the 
steam, which in this engine rose to a little over 60 lbs. 
per square inch. The steam begins to be cut off 
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when about one-fourth of the stroke has been per- 
formed, and the pressure consequently falls. The 
rounding away of the right hand corner of the dia 
gram, shows that the steam has been compressed on the 
reverse side of the piston by shutting the valve before 
the end of the stroke. 

24*0. Q. — Is this species of indicator which you 
have just described applicable to locomotive engines? 

A . — It is no doubt applicable under suitable con- 
ditions ; but another species of indicator has been 
applied by Mr. Gooch to locomotive engines, whicli 
presents several features of superiority for such a 
purpose. 

This indicator, which is represented in 31., ha.*^ 

its cylinder n, placed 
horizontally ; and it^ 
piston a compresses 
two elliptical springs 
I : ^ is the coupling 
which connects the in- 
dicator with the en- 
gine ; c a slide valve, 
which is here substi- 
tuted for a cock, to 
open or close the com- 
munication with the 
engine ; and c? is a 
passage to enable any condensed steam which may 
accumulate to be blown out. The top of the piston 
rod of this indicator is connected to the short arm 
of a smaller lever, to the longer arm of wJiich the 
pencil is attached, and the pencil has thus a consider- 
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ably larger amount of motion than the piston ; but it 
moves in the arc of a circle instead of in a straight 
line. The pencil marks on a web of paper, which is 
unwound from one drum and wound on to another, so 
tliat a succession of diagrams are taken without the 
necessity of any intermediate manipulation. 

241. Q, — These diagrams being taken with a 
pencil moving in an arc, will be of a distorted form ? 


Fig. 32. 



A. — They will not be of the usual form, but they 
may easily be translated into the usual form. Fig, 


Fig. 33. 



Goocii’s Diagram, as translated to the common form. 


32. is one of Gooclfs diagrams, as taken ; and ^g. 33, 
is one of Gooch’s diagrams, as translated by Mr 
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Clarke, and in which allowance is made for the 
various disturbing influences existing. To save the 
trouble of such reductions, however, it is undoubtedly 
preferable that the indicator should act immediately 
in the production of the final form of diagram. 

DYNAMOMETER, GAUGES, AND CATARACT. 

242. Q. — What other gauges or instruments are 
there for telling the state, or regulating the power of 
an engine ? 

A, — There is the counter for telling the number 
of strokes the engine makes, and the dynamometer for 
ascertaining the tractive power of steam vessels or 
locomotives; then there are the gauge cocks, and 
glass tubes, or floats, for telling the height of water in 
tlie boiler; and in pumping engines there is the 
cataract for regulating the speed of the engine. 

243. Q. — Will you describe the mechanism of the 
counter? 

— The counter consists of a train of wheel work, 
so contrived that by every stroke of the engine 
an index hand is moved forward a certain space, 
whereby the number of strokes made by the engine 
in any given time is accurately recorded. In most 
cases the motion is communicated by means of a 
detent, — attached to some reciprocating part of the 
engine, — to a ratchet wheel which gives motion to the 
other wheels in its slow revolution : but it is pre- 
ferable to derive the motion from some revolving part 
of the engine by means of an endless screw, as where 
the ratchet is used the detent will sometimes fail to 
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carry it round the proper distance. In the counter 
contrived by Mr. Adie, an endless screw works into 
the rim of two small wheels situated on the same axis, 
but one wheel having a tooth more than the other, 
whereby a differential motion is obtained ; and the 
difference in tlie velocity of the two wheels, or their 
motion upon one another, expresses the number of 
strokes performed. Tlie endless screw is attached to 
some revolving part of the engine, whereby a rotatory 
motion is imparted to it ; and the wheels into which 
tlie screws work hang down from it like a pendulum, 
and are kept stationary by the action of gravity. 

24d^ Q.— Wlmt is the nature of tlie dynamometer ? 

A. — The dynamometer employed for ascertaining 
the traction upon railways consists of two flat springs 
joined together at the ends by links, and the amount 
of separation of tlie springs at the centre indicates, by 
means of a suitable hand and dial, the force of 
traction. A cylinder of oil, with a small hole through 
its piston, is soc'etimes added to this instrument to 
prevent sudden fluctuations. In screw vessels the 
forward thrust of the screw is measured by a dynamo- 
meter constructed on the principle of a weighing 
machine, in which a small spring pressure at the 
index will balance a very great pressure whore the 
thrust is applied ; and in each case the variations of 
pressure are recorded by a pencil on a sheet of paper, 
carried forward by suitable mechanism, whereby the 
mean thrust is easily ascertained. The tractive force 
of paddle wheel steamers is ascertained by a dynamo- 
meter fixed on shore, to which the floating vessel is 
attached by a rope. Sometimes the power of an 
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engine is ascertained by a friction break dynamo- 
meter applied to the shaft. 

245. Q. — What will determine the amount of 
thrust shown by the dynamometer ? 

A, — In locomotives and in paddle steamers it will 
be determined by the force turning the wheels, and 
by the smallness of the diameter of the wheels ; for 
with small wheels the thrust will be greater tlian with 
large wheels. In screw vessels the thrust will bo 
determined by the force turning round the screw, and 
by the smallness of the screw’s pitch ; for with any 
given force of torsion a fine pitch of screw will give 
a greater thrust than a coarse pitch of screw, just as 
is the case when a screw works in a solid nut. 

246. Q Will you explain the use of the glass 

gauges affixed to the boiler ? 

A . — Tlie glass gauges are tubes affixed to the fronts 
of boilers, by the aid of which the height of the water 
within the boilers is readily ascertainable, for the 
water will stand at the same height in the tube as in 
the boiler, with which there is a communication 
maintained both at the top and bottom of the tube by 
suitable stopcocks. The cocks connecting the glass 
tube with the boihfr should always be so constructed 
that the tube may be blown through with the steam, 
to clear it of any internal concretion that may impair 
its transparency ; and the construction of the sockets 
in which the tube is inserted should be such, that, 
even 'when there is steam in the boiler, a broken tube 
may be replaced with facility. 

247. Q. — What then are the gauge cocks ? 

A, — The gauge cocks are cocks penetrating the 
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boiler at different heights, and which, when opened, 
tell whether it is water or steam that exists at the 
level at which they are respectively inserted. It is 
unsafe to trust to the glass gauges altogether as a 
means of ascertaining the water level, as sometimes 
they become choked, and it is necessary, therefore, to 
have gauge cocks in addition ; but if the boiler be 
short of steam, and a partial vacuum be produced 
within it, the glass gauges become of essential service? 
as the gauge cocks will not operate in such a case, for 
though opened, instead of steam and water escaping 
from them, the air will rush into the boiler. It is 
expedient to carry a pipe from the lower end of the 
glass tube downward into the water of the boiler, and 
a pipe from the upper end upward into the steam in 
the boiler, so as to prevent the water from boiling 
down through the tube, as it might otherwise do, and 
prevent the level of the water from being ascertain- 
able. The average level of water in the boiler should 
be above the centre of the tube ; and the lowest of the 
gauge cocks should always run water, and the highest 
should always blow steam. 

248. Q. — Is not a float sometimes employed to 
indicate the level of the water in the boiler.^ 

A. — A float for telling the height of water in the 
boiler is employed only in the case of land boilers, 
and its action is like that of a buoy floating on the 
surface, which, by means of a light rod passing verii- 
cally through the boiler, shows at what height the 
water stands. The float is usually formed of stone or 
iron, and is so counterbalanced as to make its opera- 
tion the same as if it were a buoy of timber ; and it 
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is generally put in connection with the feed valve, so 
that in proportion as the float rises, the supply of 
feed water is diminished. The feed water in land 
boilers is* admitted from a small open cistern, situated 
at the top of an upright or stand pipe set upon the 
boiler, and in which there is a column of water suffi- 
ciently high to balance the pressure of the steam, 

249. Q. — What is the cataract which is employed 
to regulate the speed of pumping engines ? 

A. — The cataract consists of a small pump-plunger 
and barrel, set in a cistern of water, the barrel being 
furnished on the one side with a valve opening in- 
wards, through which the water obtains admission to 
the pump chamber from the cistern, and on the other 
by a cock, through which, if the plunger be forced 
down, the water must pass out of the pump chamber. 
The engine in the upward stroke of the piston, which 
is accomplished by the preponderance of weight at 
the pump end of the beam, raises up the plunger of 
the cataract by means of a small rod, — the water 
entering readily through the valve already referred 
to ; and when the engine reaches the top of the 
stroke, it liberates the rod by which the plunger has 
been drawn up, and the plunger then descends by 
gravity, forcing out the water through the cock, the 
orifice of which has previously been adjusted, and the 
plunger in its descent opens the injection valve, which 
causes the engine to make a stroke. 

250. Q. — Suppose the cock of the cataract be shut ? 

A, — If the cock of the cataract be shut, it is clear 

that the plunger cannot descend at all, and as in that 
case the injection valve cannot be opened, the engine 
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must Stand still ; but if the cock be slightly opened 
the plunger will descend slowly, the injection valve 
will slowly open, and the engine will make a gradual 
stroke as it obtains the water necessary for condensa- 
tion. Tlie extent to which the cock is open, tlierefore, 
will regulate the speed with which the engine works : 
so that, by tlie use of the cataract, the speed of the 
engine may be varied to suit the variations in the 
quantity of water requiring to be lifted from the 
mine. In some cases an air cylinder, and in other 
cases an oil cylinder, is employed instead of the 
apparatus just described ; but the principle on which 
the whole of these contrivances operate is identical, 
and the only difference is in the detail. 

251. Q. — You have now shown tliat the perform- 
ance of an engine is determinable by the indicator ; 
but how do you determine the power of the boiler ? 

— By the quantity of water it evaporates. There 
are now various forms of water-meter which ac- 
curabdy deterniinc the quantity of water flowing 
through them ; so that the volume of the feed w^ater, 
and also of the condensing water, may now be readily 
ascertained. 
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II MATING AND FlIiE GRATE SURFACE. 

252 . Q. — What are the considerations which must 
chiefly be attended to in settling the proportions of 
boilers ? 

A . — In the first place there must be sufficient grate 
surface to enable the quantity of coal requisite for tlie, 
production of the steam to be conveniently burnt, 
taking into account the intensity of the draught; and in 
the next place there must be a sufficient flue surface 
readily to absorb the heat thus produced, so that there 
may be no needless waste of heat by the chimney. 
The flues, moreover, must have such an area, and the 
chimney must be of such dimensions, as will enable a 
suitable draught through the fire to be maintained ; and 
Anally the boiler must be made capable of containing 
such supplies of water and steam as will obviate in- 
convenient fluctuations in the water level, and abate 
the risk of water being carried over into the engine 
with the steam. With all these conditions the boiler 
must be as light and compact as possible, and must be 
so contrived as to be capable of being cleaned and 
repaired with facility. Finally it must be strong. 
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^53. Q. — Supposing, then, that you had to propor- 
tion a boiler, which should be capable of supplying 
steam sufficient to propel a steam vessel or railway 
train at a given speed, or to perform any other given 
work, how would you proceed ? 

A, — I would first ascertain the resistance which 
had to be overcome, and the velocity with which it 
was necessary to overcome it. I should then be in a 
position to know what pressure and volume of steam 
were required to overcome the resistance at the pre- 
scribed rate of motion ; and, finally, I should allow a 
sufficient heating and fire grate surface in the boiler 
according to the kind of boiler it was, to furnish the 
requisite quantity of steam, or, in other words, to 
evaporate the requisite quantity of water. 

254. Q. — Will you state the amount of heating 
surface and grate surface necessary to evaporate a 
given quantity of water ? 

A, — The ; iinber of square feet of heating or flue 
surface, required to evaporate a cubic foot of water 
per hour, is about 70 square feet in Cornish boilers, 8 
to 1 1 square feet in land and marine boilers, and 5 or 
6 square feet in locomotive boilers. The number of 
square feet of heating surface j)er square foot of fire 
grate, is from 13 to 15 square feet in waggon boilers ; 
about 40 square feet in Cornish boilers ; and from 50 
to 90 square feet in locomotive boilers. About 80 
square feet in locomotives is a very good proportion. 

255. Q, — What is the heating surface of boilers 
per horse power ? 

A . — About 9 square feet of flue and furnace surface 
per horse power is the usual proportion in waggon 
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boilers, reckoning the total surface as effective surface, 
if the boilers be of a considerable size ; but in the case 
of small boilers the proportion is larger. The total 
heating surface of a two horse power waggon boiler 
is, according to Boulton and Watt’s proportions, 30 
square feet, or 15 ft. per horse pow’er ; whereas, in the 
case of a 45 horse power boiler the total heating 
surface is 438 square feet, or 9*6 ft. per horse power. 
In marine boilers nearly the same proportions obtain. 
The original boilers of the Great Western steamer, 
by Messrs. Maudslay, were proportioned with about 
10 square feet of flue and furnace surface per horse 
power, reckoning the total amount as effective ; but 
in the boilers of the Retribution, by the same 
makers, but of larger size, a somewhat smaller pro- 
portion of heating surface was adopted, Boulton and 
Watt have found that in their marine flue boilers, 9 
square feet of flue and furnace surface are requisite 
to boil off a cubic foot of water per hour, which is the 
proportion of heating surface that is allowed in tlieir 
land boilers per horse power; but inasmuch as in 
most modern engines, and especially in marine 
engines, the nominal very much exceeds the actual 
power, they allow very much more heating surface 
than this per nominal horse power in their maririo 
boilers, and they reckon as effective heating surface 
the tops of the flues, and the -whole of the sides of the 
flues, but not the bottoms. Ror their land engines 
they still retain Mr. Watt’s standard of power, wliich 
makes the actual and the nominal power identical ; 
and an actual horse power is the equivalent of a cubic 
foot of water raised into steam every hour. 
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256. Q. — What is the proper proportion of fire 
grate per horse power ? 

A , — Boulton and Watt allow 0*64 of a square foot 
area of grate bars per nominal horse power in their 
marine boilers, and a good effect arises from this pro- 
portion ; but sometimes so large an area of fire grate 
cannot be conveniently got, and the proportion of half 
a square foot per horse power, which is the proportion 
adopted in the original boiler of the Great Western, 
seems to answer very well in engines working with a 
moderate pressure, and with some expansion ; and this 
proportion is now very widely adopted.* With this 
allowance, there will be 22 to 24 square feet of 
heating surface per square foot of fire grate ; and if 
the consumption of fuel be taken at 6 lbs. per nominal 
horse power per hour, there will be about 12 lbs. of 
coal consumed per hour on each square foot of grate. 
The furnaces should not be more than 6 ft. long, as, if 
much longer tlian this, it will be impossible to work 
them properly for any considerable length of time, as 
they will become choked with clinker at the back ends. 

257. Q. — What quantity of fuel is usually con- 
sumed per hour, on each square foot of fire grate ? 

A. — The quantity of fuel burned on eacli square 
foot of fire grate per hour, varies very much in dif- 
ferent boilers: in waggon boilers it is from 10 to 
131bs. ; in Cornish boilers from 3^ to 4 lbs. ; and in 
locomotive boilers from 80 to 150 lbs. ; but about 
1 cwt. per hour is a good proportion in locomotives, 
as has been already explained. 

♦ These proportions of marine boilers are now antiquated. 
The modern proportions will be found in the Introduction. 
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CALORIMETER AND VENT. 

258. Q, — In what manner are the proper sectional 
area and the proper capacity of the flue of a boiler de- 
termined ? 

A. — The proper collective area for the escape of 
the smoke and flame over the furnace bridges in 
marine boilers is 19 square inches per nominal horse 
power, according to Boulton and Watt’s practice, and 
ior the sectional area of the flue they allow 18 square 
inches per horse power. The sectional area of the 
flue in square inches is what is termed the calorimeter 
of the boiler, and the calorimeter divided by the 
length of the flue in feet is what is termed the vent. 
In marine flue boilers of good construction the vent 
varies between the limits of 20 and 25, according to 
the size of the boiler and other circumstances — the 
largest boilers having generally the largest vents; 
and the calorimeter divided by the vent will give the 
length of the flue in feet. The flues of all flue boilers 
diminish in their calorimeter as they approach the 
chimney, as the smoke contracts in its volume in pro- 
portion as it parts with its heat. 

259. Q. — Is the method of determining the dimen- 
sions of a boiler flue, by a reference to its vent and 
calorimeter, the method generally pursued ? 

A, — It is Boulton and Watt’s method; but some 
very satisfactory boilers have been made by allowing 
a proportion of 0’6 of a square foot of fire grate per 
nominal horse power, and making the sectional area 
of the flue at the largest part -j^th of the area of fire 
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grate, and at the smallest part, where it enters the 
chimney, ^^th of the area of the fire grate. These 
proportions are retained whether the boiler is flue or 
tubular, and from 14 to 16 square feet of tube surface 
is allowed per nominal horse power. 

260. Q. — Are the proportions of vent and calori- 
meter, taken by Boulton and Watt for marine flue 
boilers, applicable also to waggon and tubular boilers ? 

— No. In waggon and tubular boilers very 
different proportions prevail, yet the proportions of 
every kind of boiler are determinable on the same 
general principle. In waggon boilers the proportion 
of the perimeter of the flue which is effective as 
heating surface, is to the total perimeter as 1 to 3, or, 
in some cases as 1 to 2*5 ; and with any given area of 
flue, therefore, the length of the flue must be from 3 
to 2*5 times greater than would be necessary if the 
total surface were effective, else the requisite quantity 
of heating surface will not be obtained. If then the 
vent be the calorimeter divided by the length, and the 
length be made 3 or 2*5 times greater, the vent must 
become 3 or 2*5 times less; and in waggon boilers 
accordingly the vent varies from 8 to 11 instead of * 
from 21 to 25, as in the case of marine flue boilers. 
In tubular marine boilers the calorimeter is usually 
made only about half the amount allowed by Boulton 
and Watt for marine flue boilers, or, in other words, 
the collective sectional area of the tubes, for the trans- 
mission of the smoke, is from 8 to 9 square inches per 
nominal horse power. It is better, however, to make 
the sectional area larger than this, and to work the 
boiler with the damper sufficiently closed to prevent 
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the smoke and flame from rushing exclusively through 
a few of the tubes. 

261. Q. — What ore the ordinary dimensions of 
the flue in waggon boilers ? 

A, — In Boulton and Watt’s 45 horse waggon boiler 
the area of flue is 18 square inches per horse power, 
but the area per horse power increases very rapidly 
as the size of the boiler becomes less, and amounts to 
about 80 square inches per horse power in a boiler of 
2 horse power. Some such increase is obviously 
inevitable, if a similar form of flue be retained in the 
larger and smaller powers, and at the same time the 
elongation of the flue in the same proportion as the 
increase of any other dimension is prevented ; but in 
the smaller class of waggon boilers the consideration 
of facility of cleaning the flues is also operative in 
inducing a large proportion of sectional area. Boulton 
and Watt’s 2 horse power waggon boiler has 30 
square feet of surface, and the flue is 18 inches high 
above the level of the boiler bottom, by 9 inches wide ; 
while their 12 horse waggon boiler has 118 square 
feet of heating surface, and the dimensions of the flue 
similarly measured are 36 inches by 13 inches. The 
width of the smaller flue, if similarly proportioned to 
the larger one, would be 6^ inches, instead of 9 inches, 
and, by assuming this dimension, we should have the 
same proportion of sectional area per square foot of 
heating surface in both boilers. The length of flue 
in the 2 horse boiler is 19*5 ft., and in the 12 horse 
boiler 39 ft., so that the length and height of the flue 
are increased in the same proportion. 
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262. Q. — Will you give an example of the pro* 
portions of a flue, in the case of a marine boiler ? 

A, — The Nile steamer, with engines of 110 horse 
power by Boulton and Watt, is supplied witli steam 
by two boilers, which are, therefore, of 55 horses power 
each. The height of the flue winding within the boiler 
is 60 inches, and its mean width 16^ inches, making a 
sectional area or calorimeter of 990 square inches, or 
18 square inches per horse power of the boiler. The 
length of the flue is 39 ft., making the vent 25, which 
is the vent proper for large boilers. In the Dee and 
Solway steamers, by Scott and Sinclair, the calorimeter 
is only 9*72 square inches per horse power; in the 
Eagle, by Caird, 11*9; in the Thames and Medway, 
by Maudslay, 11*34, and in a great number of other 
cases itj does not rise above 12 square inches per 
horse power ; but the engines of most of these vessels 
are intended to operate to a certain extent expansively, 
and the boilers are less powerful in evaporating efficacy 
on that account. 

263. Q. — Then the chief difierence in the propor- 
tions established by Boulton and Watt, and those 
followed by the other manufacturers you have men- 
tioned is, that Boulton and Watt set a more powerful 
boiler to do the same work? 

A, — That is the main difierence. The proportion 
which one part of the boiler bears to another part is 
very similar in the cases cited, but the proportion of 
boiler relatively to the size of the engine varies very 
materially. Thus the calorimeter of each boiler of the 
Dee and Solway is 1296 square inches ; of the Eagle, 
1548 square inches ; and of the Thames and Medway 
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1134 square inches; and the length of flue is 57, 60, 
and 52 ft. in the boilers respectively, which makes the 
respective vents 22 25, and 21. Taking then the 
boiler of the Eagle for comparison with the boiler of 
the Nile, as it has the same vent, it will be seen that 
the proportions of the two are almost identical, for 
990 is to 1548 as 39 is to 60, nearly; but Messrs. 
Boulton and Watt would not have set a boiler like 
that of the Eagle to do so much work. 

264. Q. — Then the evaporating power of the boiler 
varies as the sectional area of the flue ? 

— The evaporating power varies as the square 
root of the area of the flue, if the length of the flue 
remain the same ; but it varies as the area simply, if 
the length of the flue be increased in the same pro- 
portion as its other dimensions. The evaporating 
power of a boiler is referable to the amount of its 
heating surface, and the amount of heating surface in 
any flue or tube is proportional to the product of the 
length of the tube and the square root of its sectional 
area, multiplied by a certain quantity that is constant 
for each particular form. But in similar tubes the 
length is proportional to the square root of the sec- 
tional area ; therefore, in similar tubes, the amount of 
heating surface is proportional to the sectional area. 
On this area also depends the quantity of hot air 
passing through the flue, supposing the intensity of 
the draught to remain unaffected, and the quantity of 
hot air or smoke passing through the flue should vary 
in the same ratio as the quantity of surface. 

265. Q. — A boiler therefore, to exert four times 
the power, should have four times the extent of heating 
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surface, and four times the sectional area of flue for 
the transmission of the smoke ? 

A* — Yes ; and if the same form of flue is to be re- 
tained it should be of twice the diameter and twice the 
length ; or twice the height and width if rectangular, 
and twice the length. As then the diameter or square 
root of the area increases in the same ratio as the 
length, the square root of the area divided hy the 
length ought to be a constant quantity in each type of 
boiler, in order that the same proportions of flue may 
be retained ; and in waggon boilers without an in- 
ternal flue the height in inches of the flue encircling 
the boiler divided by the length of the flue in feet will 
be 1 very nearly. Instead of the square root of the 
area the effective perimeter, or outline of that part of 
the cross section of the flue which is effective in 
generating steam, may be taken ; and the effective 
perimeter divided by the length ought to be a con- 
stant quantity in similar forms of flue and with the 
same velocity of draught, whatever the size of the flue 
may be. 

266. Q. — Will this proportion alter if the form of 
the flue be changed? 

A, — It is clear, that with any given area of flue, 
to increase the perimeter by adopting a different shape 
is tantamount to a diminution of the length of the 
flue ; and, if the perimeter be diminished the length 
of the flue must at the same time be increased, else it 
will be impossible to obtain the necessary amount of 
heating surface. In Boulton and Watt’s waggon 
boilers the sectional area of the flue in square inches 
per square foot of heating surface is 5*4 in the two 
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horse boiler; in the three horse it is 4*74 ; in the four 
horse, 4*35 ; six horse, 3*75 ; eight horse, 4*33 ; ten 
horse, 3*96 ; twelve horse, 3*63 ; eighteen horse, 3*17; 
thirty horse, 2*52 ; and in the forty*five horse boiler, 
2*05 square inches. Taking the amount of heating 
surface in the 45 horse boiler at 9 square feet per 
horse power, we obtain 18 square inches of sectional 
area of flue per horse power, which is also Boulton 
and Watt’s proportion of sectional* area for marine 
boilers with internal flues. 

267. Q. — If to increase the perimeter of a flue is 
virtually to diminish the length, then a tubular boiler 
where the perimeter is in effect greatly extended 
ought to have but a short length of tube ? 

A, — The flue of the Nile steamer if reduced to 
the cylindrical form would be 35^ inches in diameter 
to have the same area ; but it would then require to 
be made 47| feet long, to have the same amount of 
heating surface excluding the bottom as non-effective. 
Supposing that with these proportions the heat is 
sufficiently extracted from the smoke, then every tube 
of a tubular boiler in which the same draught existed 
ought to have very nearly the same proportions. 

268. Q. — But what are the best proportions of tlie 
parts of tubular boilers relatively with one another ? 

A. — The proper relative proportions of the parts 
of tubular boilers may easily be ascertained by a re- 
ference to the settled proportions of flue boilers ; for 
the same general principles are operative in both 
cases. In the Nile steamer each boiler of 55 horse 
power has about 497 square feet of flue surface or 9 
square feet per horse power reckoning the total surface 
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as effective. The area of the flue which is rectangular 
is 990 square inches, therefore the area is equal to 
that of a tube 35^ inches in diameter ; and such a tube 
to have a heating surface of 497 square feet must be 
53’4 feet or 640*8 inches in length. The length, 
therefore, of the tube will be about 18 times its dia- 
meter, and with the same velocity of draught these pro- 
portions must obtain, whatever the absolute dimensions 
of the tube may be. With a calorimeter therefore of 
18 square inches per horse power the length of a tube 
3 inches diameter must not exceed 4 feet 6 inches, 
since the heat will be sufficiently extracted from the 
smoke in this length, if the smoke only travels at th(3 
velocity due to a calorimeter of 18 square inches per 
horse power. 

269. Q. — Is this then the maximum length of flue 
which can be used in tubular boilers with advantage ? 

A. — By no means. The tubes of tubular boilers 
are almost always more than 4 feet 6 inches long, but 
then the calorimeter is almost always less than 18 
square inches per horse power — generally about two- 
thirds of this. Indeed, tubular boilers with a large 
calorimeter are not found to be so satisfactory as 
where the calorimeter is small, partly from the pro- 
pensity of the smoke in such cases to pass through a 
few of the tubes instead of the whole of them, and 
partly from the deposit of soot which takes place 
when the draught is sluggish. It is a very confusing 
practice, however, to speak of nominal horse power in 
connection with boilers, since that is a quantity quite 
indeterminate. 
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EVAPORATIVE POWER OF BOILERS. 

270. Q. — The main thing after all in boilers is 
their evaporative powers ? 

A, — The proportions of tubular boilers as of all 
boilers should obviously have reference to the evapo- 
ration required, whereas the demand upon the boiler 
for steam is very often reckoned contingent upon the 
nominal horse power of the engine ; and as the nominal 
power of an engine is a conventional quantity by no 
means in uniform proportion to the actual quantity of 
steam consumed, perplexing complications as to the 
proper proportions of boilers have in consequence 
sprung up, to which most of the failures in that de- 
partment of engineering may be imputed. It is highly 
expedient therefore in planning boilers for any par- 
ticular engine to consider exclusively the actual power 
required to be produced, and to apportion the capa- 
bilities of the boiler accordingly. 

271. Q. — In other words, you would recommend 
the inquiry to be restricted to the mode of evaporating 
a given number of cubic feet of water in the hour, 
instead of embracing the problem how an engine of a 
given nominal power was to be supplied with steam ? 

— I would first, as I have already stated, con- 
sider the actual power required to be produced, and 
then fix the amount of expansion to be adopted. If 
the engine had to work up to three times its nominal 
power, as is now common in marine engines, I should 
either increase correspondingly the quantity of evapo- 
rating surface in the boiler, or adopt such an amount 
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of expansion as would increase threefold the efficacy 
of the steam, or combine in a modified manner both 
of these arrangements. Eeckoning the evaporation 
of a cubic foot of water in the hour as equivalent to 
an actual horse power, and allowing a square yard or 
9 square feet as the proper proportion of flue surface 
to evaporate a cubic foot of water in the hour, it is 
clear that I must either give 27 square feet of heating 
surface in the boiler to have a trebled power without 
expansion, or I must cut off the steam at one-seventh 
of the stroke to obtain a threefold power without in- 
creasing the quantity of heating surface. By cutting 
off the steam however at one-third of the stroke, a 
heating surface of 13^ square feet will give a three- 
fold power, and it will usually be the most judicious 
course to carry the expansion as far as possible, and 
then to add the proportion of heating surface neces- 
sary to ,jake good the deficiency still found to exist. 

272. Q. — But is it certain that a cubic foot of 
water evaporated in the hour is equivalent to an 
actual horse power ? 

A, — An actual horse power as fixed by Watt is 
33,000 lbs. raised one foot high in the minute ; and in 
Watt’s 40 horse power engine with a inch cylinder 
7 feet stroke, and making 17 J strokes a minute, the 
effective pressure is 6*92 lbs. on the square inch clear 
of all deductions. Now, as a horse power is 33,000 lbs. 
raised one foot high, and as there are 6*92 lbs. on the 
square inch, it is clear that 33,000 divided by 6’92, 
or 4768 square inches with 6*92 lbs. on each if lifted 
1 foot or 12 inches high, will also be equal to a horse 
power. But 4768 square inches multiplied by 12 
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raches in height is 57224*4 cubic inches, or 33*1 cubic 
feet, and this is the quantity of steam which must be 
expended per minute to produce an actual horse 
power. 

273. Q. — But are 33 cubic feet of steam expended 
per minute equivalent to a cubic foot of water ex- 
pended in the hour ? 

A, — Not precisely, but nearly so. A cubic foot of 
water produces 1669 cubic feet of steam of the atmo- 
spheric density of 15 lbs. per square inch, whereas a 
consumption of 33 cubic feet of steam in the minute 
is 1980 cubic feet in the hour. In Watt’s engines 
about one-tenth was reckoned as loss in filling the 
w^aste spaces at the top and bottom of the cylinder, 
making 1872 cubic feet as the quantity consumed per 
hour without this waste ; and in modern engines the 
waste at the ends of the cylinder is inconsiderable. 

274. Q. — What power was generated by a cubic 
foot of water in the case of the Albion Mill engines 
when working without expansion ? 

A. — In the Albion Mill engines when working 
without expansion, it was found that 1 lb. of water in 
the shape of steam raised 28,489 lbs. 1 foot high. A 
cubic foot of water, therefore, or 62 J lbs., if consumed 
in the hour, would raise 1780562*5 lbs. one foot high 
in the hour, or would raise 29,676 lbs. one foot high 
in a minute ; and if to this we add one-tenth for waste 
at the ends of the cylinder, a waste which hardly 
exists in modern engines, we have 32,643 lbs. raised 
one foot high in the minute, or a horse power very 
nearly. In some cases the approximation appears 
still nearer. Thus, in a 40 horse engine working 
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without expansion, Watt found that -674 feet of watei 
were evaporated from the boiler per minute, which is 
just a cubic foot per horse power per hour ; but it is 
not certain in this case that the nominal and actual 
power were precisely identical. It will be quite safe, 
however, to reckon an actual horse power as produ- 
cible by the evaporation of a cubic foot of water in 
the hour in the case of engines working without ex- 
pansion ; and for boiling off this quantity in flue or 
waggon boilers, about 8 lbs. of coal will be required 
and 9 square feet of flue surface. 

MODERN MARINE AND LOCOMOTIVE BOILERS. 

275. Q. — These proportions appear chiefly to refer 
to old boilers. I wish you to state what are the pro- 
portions of modern flue and tubular marine boilers. 

A. — In modern marine boilers the area of fire 
grate is less +han in Mr. Watt’s original boilers, where 
it was one square foot to nine square feet of heating 
surface. The heat in the furnace is consequently 
more intense, and a somewhat less amount of surface 
suffices to evaporate a cubic foot of water. In Boulton 
and Watt's modern flue boilers they allow for the 
evaporation of a cubic foot of water 8 square feet of 
heating surface, 70 square inches of fire grate, 13 
square inches sectional area of flues, 6 square inches 
sectional area of chimney, J4 square inches area over 
furnace bridges, ratio of area of flue to area of fire 
grate 1 to 5*4. To evaporate a cubic foot of water 
per hour in tubular boilers, the proportions are — 
heating surface 9 square feet, fire grate 70 square 
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inches, sectional area of tubes 10 square inches, sec- 
tional area of back uptake 12 square inches, sectional 
area of front uptake 10 square inches, sectional area 
of chimney 7 square inches, ratio of diameter of tube 
to length of tube -j/^th to Tj^th, cubical content of 
boiler exclusive of steam chest 6*5 cubic feet, cubical 
content of steam chest 1*5 cubic feet. 

276. Q. — These proportions do not apply to loco- 
motive boilers ? 

A. — Not at all. In locomotive boilers the draught 




Name uf Engine. 



Great 

hriuin. 

I’allab. 

Snake. 

Sphinx. 

Diameter of cylinder - 

18 in. 

15 in. 

Hi in. 

18 in. 

Length of stroke 
Diameter of driving 

24 in. 

20 in. 

21 in. 

24 in. 

wheel - - 

Inside length of fire 

8 ft. 

6 ft. 

6f ft. 

5 ft. 

box - - - - 

53 in. 

55 in. 

4Hin. 

44 in. 

Inside width of fire box 
Height of fire box above 

G3 in. 

42 in. 

43| in. 

39i in. 

bars - - - - 

G3 in. 

52 in. 

48f in. 

554 in. 

Number of fire bars - 

29 

- 

32 

16 

Thickness of fire bars - 

fin. 

If in. 

4 in. 

1 in. 

Number of tubes 
Outside diameter of 

305 

134 

181 

142 

tubes - - - 

2 in. 

2 in. 

IJ in. 

24 in. 

Length of tubes - 

1 1 ft. 3 in. 

10 ft 6 in. 

10 ft. 3| in. 

14 ft. 3i in. 

Space between tubes - 
Inside diameter of fe- 

i in. 

fin. 

4 in. 


rules - - - 

1-ft in. 

U in. 

Its in. 

if in. 

Diameter of chimney - 
Diameter of blast ori- 

17 in. 

16 In. 

13 in. 

in. 

fice - - - - 

Hi in. 

44 in. 

4i in. 

4f in. 

Area of fire grate 

Area of air space of 

21 sq. ft. 

16*04 sq. ft. 

12*4 sq. ft. 

10*66 sq. ft. 1 

grate » - - 

11-4 sq.ft. 

4*08 sq. ft. 

6*54 sq. ft. 

5 sq. ft. 

Area of tubes 

5-46 sq. ft. 

2*40 sq. ft. 

2*8 sq. ft. 

2*92 sq. ft 

Area through ferules - 

4 sq. ft. 

1*64 sq. ft. 

2 sq. ft. 1 

2*04 sq. ft. 

Area of chimney - 

1-77 sq. ft. 

1*23 sq. ft. 

•921 sq. ft. 1 

1-31 sq. ft. 

Area of biast orifice - 
Heating surface of 

23*76 sq. in. 

1 

16*8 sq. in. 

14* 18 sq. in. 

17*7 sq. in. 

tubes - - - 

1627 sq. ft. 

668*7 sq. ft. 

823 fq. ft. 

864*8 sq. ft. 
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is maintained by the projection of the waste steam 
which escapes from the cylinders up the chimney, and 
the draught is much more powerful and the combustion 
much more rapid than in cases in which the combus- 
tion is maintained by the natural draught of a chimney, 
except indeed the chimney be of very unusual tempe- 
rature and height. The proportions proper for loco- 
motive boilers will be seen by the dimensions of a 
few locomotives of approved construction, which have 
been found to give satisfactory results in practice, and 
which are recorded in the Table on the preceding page. 

THE BLAST IN LOCOMOTIVES. 

^7. Q. — What is the amount of draught produced 
in locomotive boilers in comparison with that existing 
in other boilers ? 

A good chimney of a land engine will produce 
a degree of exhaustion equal to from 1^ to 2^ inches 
of water. In locomotive boilers the exhaustion is in 
some cases equal to 12 or 13 inches of water, but from 
3 to 6 inches is a more common proportion. 

278. Q. — And what force of blast is necessary to 
produce this exhaustion ? 

A. — The amount varies in different engines, de- 
pending on the sectional area of the tubes and other 
circumstances. But on the average, it may be asserted 
that such a pressure of blast as will support an inch 
of mercury, will maintain sufficient exhaustion in the 
smoke box to support an inch of water ; and this ratio 
holds whether the exhaustion is little or great. To 
produce an exhaustion in the smoke box, therefore, of 
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6 inches of water, the waste steam would require to 
be of sufficient pressure to support a column of 6 inches 
of mercury, which is equivalent to a pressure of 3 lbs. 
on the square inch. 

279. ft — How is the force of the blast deter- 
mined ? 

A. — By the amount of contraction given to the 
mouth of the blast pipe, which is a pipe which con* 
ducts the waste steam from the cylinders and de- 
bouches at the foot of the chimney. If a strong blast 
be required, the mouth of this pipe requires to be cor- 
respondingly contracted, but such contraction throws 
a back pressure on the piston, and it is desirable to 
obtain the necessary draught with as little contraction 
of the blast pipe as possible. The blast pipe is gene- 
rally a breeches pipe of which the legs join just before 
reaching the chimney ; but it is better to join the two 
cylinders below, and to let a single pipe ascend to 
within 12 or 18 inches of the foot of the chimney. If 
made with too short a piece of pipe above the joining, 
the steam will be projected against each side of the 
chimney alternately, and the draught will be damaged 
and the chimney worn. The blast pipe should not be 
regularly tapered, but should be large in the body and 
gathered in at the mouth. 

280. Q Is a large and high chimney conducive 

to strength of draught iii locomotives ? 

A, — It has not been found to be so. A chimney 
of three or four times its own diameter in height ap- 
pears to answer fully as well as a longer one ; and it 
was found that when in an engine with 17 inch cy- 
linders a chimney of 15^ inches was substituted for a 
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chimney of 17 J inches, a superior performance was 
the result. The chimney of a locomotive should have 
half the area of the tubes at the ferules which is the 
most contracted part, and the blast orifice should have 
•jJ^th of the area of the chimney. The sectional area 
of the tubes through the ferules should be as large as 
possible. Tubes without ferules it is found pass one- 
fourth more air and tubes with ferules only at the 
smoke box end pass onc-tcnth more air than when 
there are ferules at both ends. 

281. Q. — Is the exhaustion produced by the blast 
as great in the fire box as in the smoke box ? 

ji, — Experiments have been made to determine 
this, and in few cases has it been found to be more 
than about half as great at ordinary speeds ; but much 
depends on the amount of contraction in the tubes. 
In an experiment made with an engine having 147 
tubes of 1:J inches external diameter and 13 feet 10 
inches long, and witli a fire grate having an area of 
9^ square feet, the exhaustion at all speeds was found 
to be three times greater in the smoke box than in the 
fire box. The exhaustion in the smoke box was 
generally equivalent to 12 inches of water, while in 
the fire box it was equivalent to only 4 inches of 
water ; showing that 4 inches were required to draw 
the air through the grate and 8 inches through the 
tubes. 

282. Q. — What will be the increase of evaporation 
in a locomotive from a given increase of exhaustion ? 

A, — The rate of evaporation in a locomotive or 
any other boiler will vary as the quantity of air pass- 
ing through the fire, and the quantity of air passing 
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through the fire will vary nearly as the square root of 
the exhaustion. With four times the exhaustion 
therefore there will be about twice the evaporation, 
and experiment shows that this theoretical law holds 
with tolerable accuracy in practice. 

283. Q. — But the same exhaustion will not be 
produced by a given strength of blast in all engines ? 

A. — No ; engines with contracted fire grates and 
an inadequate sectional area of tubes, will require a 
stronger blast than engines of better proportions ; but 
in any given engine the relations between the blast 
exhaustion and evaporation hold which have been 
already defined. 

284. Q. — Is the intensity of the draught under 
easy regulation ? 

A. — The intensity of the draught may easily bo 
diminished by partially closing the damper in the 
chimney, and it may bo increased by contracting the 
orifice of the blast. A variable blast pipe, the orifice 
of which may be enlarged or contracted at pleasure, 
has been much used. There are various devices for 
this purpose, but the best appears to be that adopted 
in Stephenson’s engine, where a conical nozzle is 
moved up or down within the blast pipe, which is 
made somewhat larger in diameter than the base of 
the cone, but with a ring projecting internally, against 
which the base of the cone abuts when the nozzle is 
pushed up. When the nozzle stands at the top of the 
pipe the whole of the steam has to pass through it, 
and the intensity of the blast is increased by the in- 
creased velocity thus given to the steam; whereas 
when the nozzle is moved downward the steam escapes 
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through the annular opening left between the nozzle 
and the pipe, as well as through the nozzle itself, and 
the intensity of the blast is diminished by the enlarge- 
ment of the opening for the escape of the steam thus 
made available. 

285. Q. — What is the best diameter for the tubes 
of locomotive boilers ? 

A. — Bury’s locomotive with Hindi cylinders con- 
tains 92 tubes of 24th inches external diameter, and 
10 feet 6 inches long ; whereas Stephcnson^s locomotive 
with 15 inch cylinders contains 150 tubes of Ifths 
external diameter, 13 feet 6 inches long. In Stephen- 
son’s boiler, in order that the part of the tubes next 
the chimney may be of any avail for the generation of 
steam, the draught has to be very intense, which in 
its turn involves a considerable expenditure of power; 
and it is questionable whether the increased expendi- 
ture of power upon the blast, in Stephenson’s long 
tubed locomotives, is compensated by the increased 
generation of steam consequent upon the extension of 
the heating surface. When the tubes are small in 
diameter they are apt to become partially choked with 
pieces of coke ; but an internal diameter of Iftlis may 
be employed without inconvenience if the draught be 
of medium intensity. 

286. Q. — Will you illustrate the relation between 
the length and diameter of locomotive tubes by a 
comparison with the proportion of flues in flue 
boilers ? 

A , — In most locomotives the velocity of the draught 
is such that it would require very long tubes to extract 
the heat from the products of combustion, if the heat 
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were transmitted through the metal of tlie tubes with 
only the same facility as through the iron of ordinary 
flue boilers. The Nile steamer, with engines of 110 
nominal horses power each, and with two boilers 
having two independent flues in each, of such dimen- 
sions as to make each flue equivalent to 55 nominal 
horses power, works at 62 per cent, above the nominal 
power, so that the actual evaporative efficacy of each 
flue would be equivalent to 89 actual horses power, 
supposing the engines to operate without expansion ; 
but as tiie mean pressure in the cylinder is somewhat 
less than the initial pressure, the evaporative efficacy 
of each flue may be reckoned equivalent to 80 actual 
horses power. With this evaporative power there is 
a calorimeter of 990 square inches, or 12‘3 square 
inches per actual horse power ; whereas in Stephenson’s 
locomotive w’ith 150 tubes, if the evaporative power 
be taken at 200 cubic feet of water in the hour, which 
is a large supposition, the engine will be equal to 200 
actual horses power. If the internal diameter of the 
tubes be taken at thirteen-eighths of an inch, the calo- 
rimeter per actual horse power will only be 1’1136 
square inches, or in other words the calorimeter in the 
locomotive boiler will be ll’ll times less than in the 
flue boiler for the same power, so that the draught in 
the locomotive must be 11 ’ll times stronger, and the 
ratio of the length of the tube to its diameter 11*11 
times greater than in the flue boiler, supposing the 
heat to be transmitted with only the same facility. 
The flue of the Nile would require to be 35^ inches in 
diameter if made of the cylindrical form, and 47f feet 
long : the tubes of a locomotive if If ths inch diameter 
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would only require to be 22*19 inches long with the 
same velocity of draught; but as the draught is 11*11 
times faster than in a flue boiler, the tubes ought to 
be 246*558 inches, or about 20J feet long according 
to this proportion. In practice, however, they are 
one*third less than this, which reduces the lieating 
surface from 9 to 6 square feet per actual horse power, 
and tliis length even is found to be inconvenient. It 
is greatly preferable therefore to increase the calori* 
meter, and diminish the intensity of the draught. 

BOILER CUIMNIES. 

287. Q. — By what process do you ascertain the 
dimensions of the chimney of a land boiler ? 

A.-By a reference to the volume of air it is neces- 
sary in a given time to supply to the burning fuel, and 
to the velocity of motion produced by the rarefaction 
in the chimney; for tlie area of the chimney requires 
to be such, that with the velocity due to that rarefac- 
tion, the quantity of air requisite for the combustion 
of tlie fuel shall pass through the furnace in the 
specified time. Thus if 200 cubic feet of air of the 
atmospheric density are required for the combustion 
of a pound of coal, — though 250 lbs. is nearer the 
quantity generally required, — and 10 lbs. of coal per 
horse power per hour are consumed by an engine, then 
2000 cubic feet of air must be supplied to the furnace 
per horse power per hour, and the area of the chimney 
must be such as to deliver this quantity at the in- 
creased bulk due to the high temperature of the chim- 
ney when moving with the velocity the rarefaction 
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within the chimney occasions, and which, in small 
chimneys, is usually such as to support a column of 
half an inch of water. The velocity with which a 
denser fluid flows into a rarer one is equal to the 
velocity a heavy body acquires in falling through a 
height equal to the difference of altitude of two 
columns of the heavier fluid of such heights as will 
produce the respective pressures ; and, therefore, 
when the difference of pressure or amount of rarefac- 
tion in the chimney is known, it is easy to tell tlie 
velocity of motion which ought to be produced by it. 
In practice, however, these theoretical results are not 
to be trusted, until they have received such modifica- 
tions as will make them representative of the practic(5 
of the most experienced constructors. 

288. Q. — What then is the rule followed by the 
most experienced constructors? 

A , — Boulton and Watt’s rule for the dimensions of 
the chimney of a land engine is as follows: — multi- 
ply the number of pounds of coal consumed under the 
boiler per hour by 12, and divide the product by the 
square root of the height of the chimney in feet ; the 
quotient is the area of the chimney in square inches in 
the smallest part. A factory chimney suitable for a 
20 horse boiler is commonly made about 20 in. square 
inside, and 80ft. high; and these dimensions ar*^ those 
which answer to a consumption of 15 lbs. of coal per 
horse power per hour, which is a very common con- 
sumption in factory engines. If 15 lbs. of coal be 
consumed per horse power per hour, the total con- 
sumption per hour in a 20 horse boiler will be 300 lbs., 
and 300 multiplied by 12=3600, and divided by 9 
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(the square root of the height) =400, which is the 
area of the chimney in square inches. It will not 
answer well to increase the height of a chimney of 
this area to more than 40 or 50 yards, without also 
increasing the area, nor will it be of utility to increase 
the area much without also increasing the height. 
The quantity of coal consumed per hour in pounds, 
multiplied by 5, and divided by the square root of the 
height of the chimney, is the proper collective area ol 
the openings between the bars of the grate for the 
admission of air to the fire. 

289. Q. — Is this rule applicable to the chimnies of 
steam vessels ? 

A , — In steam vessels Boulton and Watt have here- 
tofore been in the habit of allowing square inches 
of area of chimney per horse power, but they now 
allow 6 square inches to 7 square inches. In some 
steam vessels a steam blast like that of a loco- 
motive, but of a smaller volume, is used in the chim- 
ney, and many of the evils of a boiler deficient in 
draught may be remedied by this expedient, but a steam 
blast in a low pressure engine occasions an obvious 
waste of steam ; it also makes an unpleasant noise, 
and in steam vessels it frequently produces the incon- 
venience of carrying the smaller parts of the coal up 
the chimney, and scattering it over the deck among 
the passengers. It is advisable, therefore, to give a 
sufficient calorimeter in all low pressure boilers, and 
a sufficient height of chimney to enable the chimney 
to operate without a steam jet ; but it is useful to 
know that a steam jet is a resource in the case of a 
defective boiler, or where the boiler has to be urged 
beyond its power. 
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STEAM ROOM AND PRIMING. 

290. Q. — What is the capacity of steam room 
allowed in boilers per horse power ? 

A. — The capacity of steam room allowed by 
Boulton and Watt in their land waggon boilers is 8| 
cubic feet per horse power in the two horse power 
boiler, and 5| cubic feet in the 20 horse power boiler ; 
and in the larger class of boilers, such as those suit- 
able for 30 and 45 horse power engines, the capacity 
of the steam room does not fall below this amount, 
and indeed is nearer 6 than 5|- cubic feet per horse 
power. The content of water is 1 8 J cubic feet per 
horse power in the two horse power boiler, and 15 
cubic feet per horse power in the 20 horse power 
boiler. 

291. Q . — Is this the proportion Boulton and Watt 
allow in their marine boilers ? 

A , — ^Boulton and Watt in their early steam vessels 
were in the habit of allowing for the capacity of the 
steam space in marine boilers 16 times the content of 
the cylinder ; but as there were two cylinders, this 
was equivalent to 8 times the content of both cylin- 
ders, which is the proportion commonly followed in 
land engines, and which agrees very nearly with the 
proportion of between 5 and 6 cubic feet of steam 
room per horse power already referred to. Taking 
for example an engine with 23 inches diameter of 
cylinder and 4 feet stroke, which will be 18*4 horse 
power — the area of the cylinder will be 415*476 
square inches, which multiplied by 48, the number of 
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inches in the stroke, will give 19942*848 for the capa- 
city of the cylinder in cubic inches ; 8 times this is 
1 59542*784 cubic inches, or 92*3 cubic feet; 92*3 
divided by 18*4 is rather more than 5 cubic feet per 
horse power. 

292. Q. — Is the production of the steam in the 
boiler uniform throughout the stroke of the engine? 

A , — It varies with the slight variations in the 
pressure within the boiler throughout the stroke. 
Usually the larger part of the steam is produced 
during the first part of the stroke of the engine, for 
there is then the largest demand for steam as the 
steam being commonly cut off somewhat before the 
end of the stroke, the pressure rises somewhat in the 
boiler during that period, and little steam is then pro- 
duced. There is less necessity that the steam space 
should be large when the flow of steam from the boiler 
is very uniform, as it will be where there are two 
engines attached to the boiler at right angles with 
one another, oi where the engines work at a great 
speed, as in the case of locomotive engines, A 
high steam chest too, by rendering boiling over into 
the steam pipes, or priming as it is called, more 
difficult, obviates the necessity for so large a steam 
space ; as does also a perforated steam pipe stretching 
through the length of the boiler, so as not to take the 
steam from one place. The use of steam of a high 
pressure, worked expansively, has the same operation ; 
so that in modern marine boilers, of the tubular con- 
struction, where the whole or most of these modifying 
circumstances exist, there is no necessity for so large 
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a proportion of steam room ns 5 or 6 cubic feet per 
nominal horse power, and about one or 2 cubic feet 
of steam room per cubic foot of water evaporated, 
more nearly represents the general practice. 

293. Q, — Is this the proportion of steam room 
adopted in locomotive boilers ? 

— No; in locomotive boilers the proportion of 
steam room per cubic foot of water evaporated is con- 
siderably less even than this. It does not usually 
exceed ^ of a cubic foot per cubic foot of water eva- 
porated ; and with clean water, with a steam dome a 
few feet high set on the barrel of the boiler, or witli 
a perforated pipe stretching from end to end of tlie 
barrel, and with the steam room divided about equally 
between the barrel and the fire box, very little prim- 
ing is found to occur even with this small proportion 
of total steam room. About f the depth of the barrel 
is usually filled with water, and ^ with steam. 

294. Q. — What is priming ? 

A . — Priming is a violent agitation .of the water 
within the boiler, in consequence of which a large 
quantity of water passes off with the steam in the 
shape of froth or spray. Such a result is injurious, 
both as regards the efficacy of the engine, and the 
safety of the engine and boiler ; for the large volume 
of hot water carried by the steam into the condenser 
impairs the vacuum, and throws a great load upon the 
air pump, which diminishes the speed and available 
power of the engine ; and the existence of water with- 
in the cylinder, unless there be safety valves upon the 
cylinder to permit its escape, w’ill very probably cause 
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some part of the machinery to break, by suddenly 
arresting the motion of the piston when it meets the 
surface of the water, — ^the slide valve being closed to 
the condenser before the termination of the stroke, in 
all engines with lap upon the valves, so that the 
water within the cylinder is prevented from escaping 
in that direction. At the same time the boiler is 
emptied of its water too rapidly for the feed pump 
to be able to maintain the supply, and the flues are in 
danger of being burnt from a deficiency of water above 
them. 

295. Q. — What are the causes of priming ? 

A. — The causes of priming are an insufficient 
amount of steam room, an inadequate area of water 
level, an insufficient width between the flues or tubes 
for the ascent of the steam and the descent of water 
to supply the vacuity the steam occasions, and the use 
of dirly water in the boiler. New boilers prime more 
than old bol' jrs, and steamers entering rivers from the 
sea are more addicted to priming than if sea or river 
water had alone been used in the boilers — probably 
from the boiling point of salt water being higher than 
that of fresh, wdiereby the salt water acts like so much 
molten metal in raising the fresh water into steam. 
Opening the safety valve suddenly may make a boiler 
prime, and if the safety valve be situated near the 
mouth of the steam pipe, the spray or foam thus 
created may be mingled with the steam passing into 
the engine, and materially diminish its effective 
power ; but if the safety valve be situated at a dis 
tance from the mouth of the steam pipe, the quantity 
of foam or spray passing into the engine maybe dimi- 
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nished by opening the safety valve ; and in locomo- 
tives, therefore, it is found beneficial to have a safety 
valve on the barrel of the boiler at a point remote 
from the steam chest, by partially opening which, any 
priming in that part of the boiler adjacent to the 
steam chest is checked, and a purer steam than before 
passes to the engine. 

296. Q. — What is the proper remedy for priming ? 

A , — When a boiler primes, the engineer generally 
closes the throttle valvo partially, turns off tlie injec- 
tion water, and opens the furnace doors, whereby the 
generation of steam is checked, and a less violent 
ebullition in the boiler suffices. Where the priming 
arises from an insufficient amount of steam room, it 
may be mitigated by putting a higher pressure upon 
the boiler and working more expansively, or by the 
interposition of a perforated plate between the boiler 
and the steam chest, which breaks the ascending 
water and liberates the steam. In some cases, how- 
ever, it may be necessary to set a second steam chest 
on the top of the existing one, and it will be prefer- 
able to establish a communication with this new 
chamber by means of a number of small holes, bored 
through the iron plate of the boiler, rather than by a 
single large orifice. Where priming arises from the 
existence of dirty water in the boiler, the evil may be 
remedied by the use of collecting vessels, or by blow- 
ing off largely from the surface ; and where it arises 
from an insufficient area of water level, or an insuf- 
ficient width between the flues for the free ascent of 
the steam and the descent of the superincumbent 
water, the evil may be abated by the addition of cir- 
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culatinj; pipes in some part of the boiler which will 
allow the water to descend freely to the place from 
whence the steam rises, the width of the water spaces 
being virtually increased by restricting their function 
to the transmission of a current of steam and water to 
the surface. It is desirable to arrange the heating 
surface in such a way that the feed water entering 
the boiler at its lowest point is heated gradually as it 
ascends, until towards the superior part of the flues it 
is raised gradually into steam ; but in all cases there 
will be currents in the boiler for which it is proper to 
provide. The steam pipe proceeding to the engine 
should obviously be attached to the highest point of 
the steam chest, in boilers of every construction. 

297. Q — Having now stated the proportions pro- 
per to be adopted for evaporating any given quantity 
of water in steam boilers, will you proceed to show 
how you would proportion a boiler to do a given 
amount of work ? say a locomotive boiler which will 
propel a train of 100 tons weight at a speed of 50 
miles an hour. 

A . — According to experiments on the resistance of 
railway trains at various rates of speed made by Mr. 
Gooch, of the Great Western Railway, it appears that 
a train weighing with locomotive, tender, and carri' 
ages, about 100 tons, experiences, at a speed of 50 
miles an hour, a resistance of about 3000 lbs., or 
about 30 lbs. per ton ; which resistance includes the 
resistance of the engine as well as that of the train. 
This, therefore, is the force which must be imparted 
at the circumference of the driving wheels, except 
that small part intercepted by the engine itself, and 
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the force exerted by the pistons must be greater than 
that at the circumference of the driving wheel, in the 
proportion of their slower motion, or in the proportion 
of the circumference of the driving wheel to the 
length of a double stroke of the engine. If the dia- 
meter of the driving wheel be 5^ feet, its circum- 
ference will be 17*278 feet, and if the length of the 
stroke be 18 inches the length of a double stroke will 
be 3 feet. The pressure on the pistons must therefore 
be greater than the traction at the circumference of 
the driving wheel, in the proportion of 17*278 to 3, or, 
in other words, the mean pressure on the pistons must 
be 17,278 lbs; and the area of cylinders, and pressure 
of steam, must be such as to produce conjointly this 
total pressure. It thus becomes easy to tell the 
volume and pressure of steam required, which steam 
in its turn represents its equivalent of water which is 
to be evaporated from the boiler, and the boiler must 
be so proportioned, by the rules already given, as to 
evaporate this water freely. In the case of a steam 
vessel the mode of procedure is the same, and when 
the resistance and speed are known, it is easy to tell 
the equivalent value of steam. 


STRENGTH OP BOILERS. 

298. Q. — What strain should the iron of boilers 
be subjected to in working ? 

A . — The iron of boilers, like the iron of machines 
or structures, is capable of withstanding a tensile strain 
of from 50,000 to 60,000 lbs. upon every square inch 
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of section ; but it will only bear a third of this strain 
without permanent derangement of structure, and it 
does not appear expedient in any boiler to let the 
strain exceed 4000 lbs. upon the square inch of sec- 
tional area of metal, especially if it is liable to be 
weakened by corrosion, 

299. Q. — Have any experiments been made to de- 
termine the strength of boilers ? 

— The question of the strength of boilers was in- 
vestigated very elaborately a few years ago by a com- 
mittee of the Franklin Institute, in America, and it 
was found that the tenacity of boiler plate increased 
with the temperature up to 550°, at which point the 
tenacity began to diminish. At 32°, the cohesive force 
of a square inch of section was 56,000 lbs. ; at 570°, it 
was 66,500 lbs. ; at 720°, 55,000 lbs. ; at 1050°, 
32,000 lbs.; at 1240% 22,000 lbs. ; and at 1317°, 
9000 lbs. Copper follows a different law, and appears 
to be diminished in strength by every addition to the 
temperature. At 32° the cohesion of copper was found 
to be 32,800 lbs. per square inch of section, which ex- 
ceeds the cohesive force at any higher temperature, 
and the square of the diminution of strength seems to 
keep pace with the cube of the increased temperature. 
Strips of iron cut in the direction of the fibre were 
found to be about 6 per cent, stronger than when cut 
across the grain. Repeated piling and welding was 
found to increase the tenacity of the iron, but the 
result of welding together different kinds of iron was 
not found to be favourable. The accidental over- 
heating of a boiler was found to reduce the ultimate or 
maximum strength of the plates from 65,000 lbs. to 
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45,000 lbs. per square inch of section, and riveting 
the plates was found to occasion a diminution in their 
strength to the extent of one-third. These results, 
however, are not precisely the same as those obtained 
by Mr. Fairbairn. 

300. Q. — What were the results obtained by 
him? 

A , — He found that boiler plate bore a tensile strair 
of 23 tons per square inch before rupture, which was 
reduced to 16 tons per square inch when joined to- 
gether by a double row of rivets, and 13 tons, or about 
30,000, when joined together by a single row of rivets. 
A circular boiler, therefore, with the ends of its plates 
double riveted, will bear at the utmost about 36,000 
lbs. per square inch of section, or about 12,000 lbs. per 
square inch of section without permanent derangement 
of structure. 

301. Q. — What pressure do cylindrical boilers 
sustain in practice ? 

A. — In some locomotive boilers, which are worked 
with a pressure of 80 lbs. upon the square inch, the 
thickness of the plates is only -j^ths of an inch, while 
the barrel of the boiler is 39 inches in diameter. It 
will require a length of 3*2 inches of the boiler when 
the plates are -^^fths thick to make up a sectional area 
of one square inch, and the separating force will be 
39 times 3*2 multiplied by 80, which makes the sepa- 
rating force 9984 lbs., sustained by two square inches 
of sectional area — one on each side ; or the strain is 
4992 lbs. per square inch of sectional area, which is 
quite as great strain as is advisable. The accession 
of strength derived from the boiler ends is not here 
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taken into account, but neither is the weakening effect 
counted that is caused by the rivet holes. Some loco- 
motives of 4 ft. diameter of barrel and of -g tlis iron have 
been worked to as high a pressure as 200 lbs. on the 
inch ; but such feats of daring are neither to be imi- 
tated nor commended. 

302. Q, — Can you give a rule for the proper 
thickness of cylindrical boilers ? 

A . — The thickness proper for cylindrical boilers 
of wrought iron, exposed to an internal pressure, 
may be found by the following rule : — multiply 2*54 
times the internal diameter of the cylinder in inches 
by the greatest pressure within the cylinder per cir- 
cular inch, and divide by 17,800 ; the result is the 
thickness in inches. If we apply this rule to the ex- 
ample of the locomotive boiler just given, we have 39 
X 2*54 X 62*832 (the pressure per circular inch corre- 
sponding to 80 lbs. per square inch) =6224*1379, and 
this, divided by 17,800, gives 0*349 as the thickness in 
inches, instead of 0*3 125, or /^ths, the actual thickness. 
If we take the pressure per square inch instead of per 
circular inch, we obtain the following rule, which is 
somewhat simpler : — ^multiply the internal diameter of 
the cylinder in inches by the pressure in pounds per 
square inch, and divide the product by 8900 ; the 
result is the thickness in inches. Both these rules 
give the strain about one-fourth of the elastic force, or 
4450 lbs. per square inch of sectional area of the iron ; 
but 3000 lbs. is enough when the flame impinges di- 
rectly on the iron, as in some of the ordinary cylin- 
drical boilers, and the rule may be adapted for that 
strain by taking 6000 as a divisor instead of 8900. 
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303. Q, — In marine and waggon boilers which are 
not of a cylindrical form, how do you procure the re- 
quisite strength ? 

A, — Where the sides of the boiler are flat, instead 
of being cylindrical, a sufficient number of stays must 
be introduced to withstand the pressure ; and it is ex- 
pedient not to let the strain upon these sta3''s be more 
than 3000 lbs. per square incli of section, as the 
strength of internal stays in boilers is generally soon 
diminished by corrosion. Indeed, a strain at all ap- 
proaching that upon locomotive boilers would be very 
unsafe in the case of marine boilers, on account of the 
corrosion, both internal and external, to which marine 
boilers are subject. Tlie stays should be small and 
numerous rather than large and few in number, as, 
wdien large stays are employed, it is difficult to keep 
them tight at the ends, and oxidation of the shell 
follows from leakage at the ends of the stays. All 
boilers should be proved, when new, to twice or three 
times the pressure they are intended to bear, and they 
should be proved occasionally by the hand pump wJ)en 
in use, to detect any weakness which corrosion may 
have occasioned. 

304. Q, — Will you describe the disposition of the 
stays in a marine boiler ? 

A , — If the pressure of steam be 20 lbs. on the 
square inch, which is a very common pressure in 
tubular boilers, there will be a pressure of 2880 lbs. on 
every square foot of flat surface ; so that if the strain 
upon the stays is not to exceed 3000 lbs. on the square 
inch of section, there must be nearly a square inch of 
sectional area of stay for every square foot of flat 
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surface on the top and bottom, sides, and ends of the 
boiler. This very much exceeds the proportion usu- 
ally adopted ; and in scarcely any instance are boilers 
stayed sufficiently to be safe when the shell is com- 
posed of flat surfaces. The furnaces should be stayed 
together with bolts of the best scrap iron, inch in 
diameter, tapped through both plates of tlie water 
space with thin nuts in each furnace ; and it is expe- 
dient to make the row of stays, running horizontally 
near the level of the bars, sufficiently low to come be- 
neath the top of the bars, so as to be shielded from 
the action of the fire, with which view they should 
follow the inclination of the bars. The row of stays 
between the level of the bars and the top of tlie 
furnace should be as near the top of the furnace as 
will consist with the functions they have to perform, 
so as to be removed as far as possible from the action 
of the heat ; and to support the furnace top, cross bars 
may either bt adopted, to which the top is secured 
with bolts, as in tlie case of locomotives, or stays 
tapped into the furnace top, Avith a thin nut beneath, 
may be carried to the top of the boiler ; but very little 
dependence can be put in such stays as stays for keep- 
ing down the top of the boiler ; and the top of the 
boiler must, therefore, be stayed nearly as much as if 
the stays connecting it with the furnace crowns did 
not exist. The large rivets passing through thimbles, 
sometimes used as stays for water spaces or boiler 
shells, are objectionable ; as, from the great amount of 
hammering such rivets have to receive to form the 
heads, the iron becomes crystalline, so that the heads 
are liable to come off, and, indeed, sometimes fiy ofi 
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in the act of beinjy formed. If such a fracture occurs 
between the boilers after they are seated in theii 
place, or in any position not accessible from the out- 
side, it will in general be necessary to empty the 
faulty boiler, and repair the defect from the inside. 

305. Q. — What should be the pitch or numerical 
distribution of the stays ? 

A . — The stays, where the sides of the boiler are 
flat, and the pressure of the steam is from 20 to 30 lbs., 
should be pitched about a foot or 18 inches asunder ; 
and in the wake of the tubes, where stays cannot be 
carried across to connect the boiler sides, angle iron 
ribs, like the ribs of a ship, should be riveted to the 
interior of the boiler, and stays of greater strength 
than the rest should pass across, above, and below the 
tubes, to which the angle irons would communicate 
the strain. The whole of the long stays within a 
boiler should be firmly riveted to the shell, as if built 
with and forming a part of it ; as, by the common 
method of fixing them in by means of cutters, the 
decay or accidental detachment of a pin or cutter may 
endanger the safety of the boiler. Wherever a large 
perforation in the shell of any circular boiler occurs, a 
sufficient number of stays should be put across it to 
maintain the original strength ; and where stays are 
intercepted by the root of the funnel, short stays in 
continuation of them should be placed inside. 


BOILER EXPLOSIONS. 

306. Q.-— What is the chief cause of boiler explo- 
sions ? 
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A. — The chief cause of boiler explosions is, un- 
doubtedly, too great a pressure of steam, or an insuf- 
ficient strength of boiler ; but many explosions have 
also arisen from the fiues having been suffered to 
become red hot. If the safety valve of a boiler be 
accidentally jammed, or if the plates or stays be much 
worn by corrosion, while a high pressure of steam is 
nevertheless maintained, the boiler necessarily bursts ; 
and if, from an insufficiency of water in the boiler, or 
from any other cause, the fiues become highly heated, 
they may be forced down by the pressure of the steam, 
and a partial explosion maybe the result. The worst 
explosion is where the shell of the boiler bursts ; but 
the collapse of a furnace or flue is also very disastrous 
generally to the persons in the engine room ; and 
sometimes the shell bursts and the flues collapse at the 
same time ; for if the flues get red hot, and water be 
thrown upon them either by the feed pump or other- 
wise, the geneiation of steam may be too rapid for the 
safety valve to permit its escape with sufficient faci- 
lity, and the shell of the boiler may, in consequence, 
be rent asunder. Sometimes the iron of the flues 
becomes highly lieated in consequence of the improper 
configuration of the parts, which, by retaining the 
steam in contact with the metal, prevents the access ol 
tlie water ; the bottoms of large flues, upon which the 
flame beats down, are very liable to injury from this 
cause ; and the iron of flues thus acted upon may be 
so softened that the flues will collapse upwards with 
the pressure of the steam. The flues of boilers may 
also become red hot in some parts from the attachment 
of scale, which, from its imperfect conducting power, 
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will cause the iron to he unduly heated ; and if the 
scale be accidentally detached, a partial explosion may 
occur in consequence. 

307. Q. — Does the contact of water with heated 
metal occasion an instantaneous generation of steam ? 

A , — It is found that a sudden disengagement of 
steam does not immediately follow the contact of 
water with the hot metal, for water thrown upon red 
hot iron is not immediately converted into steam, but 
assumes the spheroidal form and rolls about in glo- 
bules over the surface. These globules, however higli 
the temperature of the metal may be on which they 
are placed, never rise above the temperature of 205^, 
and give off but very little steam ; but if the tempe- 
rature of the metal be lowered, the water ceases to 
retain the spheroidal form, and comes into intimate 
contact with the metal, whereby a rapid disengage- 
ment of steam takes place. If water be poured into a 
very hot copper flask, tlie flask may be corked up, as 
there will be scarce any steam produced so long as the 
high temperature is maintained ; but so soon as the 
temperature is suffered to fall below 350^ or 400® the 
spheroidal condition being no longer maintainable, 
steam is generated with rapidity, and the cork will 
be projected from the mouth of the flask with great 
force. 

308. Q. — What precautions can be taken to pre- 
vent boiler explosions ? 

A, — One useful precaution against the explosion 
of boilers from too great an internal pressure, consists 
in the application of a steam gauge to each boilei*, 
which will make the existence of any undue pressure 
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in any of the boilers immediately visible ; and every 
boiler should have a safety valve of’ its own, the 
passage leading to which should have no connection 
with the passage leading to any of the stop valves 
used to cut off the connection between the boilers; 
so that the action of the safety valve may be made 
independent of the action of the stop valve. In some 
cases stop valves have jammed, or have been carried 
from their seats into the mouth of the pipe commu- 
nicating between them, and the action of the safety 
valves should be rendered independent of all such 
accidents. Safety valves, themselves, sometimes stick 
fast from corrosion, from the spindles becoming bent, 
from a distortion of the boiler top with a high pres- 
sure, in consequence of which the spindles become 
jammed in the guides, and from various other causes 
which it would be tedious to enumerate ; but the in- 
action of the safety valves is at once indicated by the 
steam gauge, and when discovered, the blow through 
valves of the engine and blow off cocks of the boiler 
should at once be opened, and the fires raked out. A 
cone in the ball of the waste steam pipe to send back 
the water carried upwards by the steam, should never 
be inserted; as in some cases this cone has become 
loose, and closed up the mouth of the waste steam 
pipe, whereby the safety valves being rendered in- 
operative the boiler was in danger of bursting. 

309, Q. — May not danger arise from excessive 
priming ? 

A, — If the water be carried out of the boiler so 
rapidly by priming that the level of the water cannot 
be maintained, and the flues or furnaces are in danger 
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of becoming red liot, tbe best plan is to open every 
furnace door and throw in a few buckets full of water 
upon the fire, taking care to stand sufficiently to the 
one side to avoid being scalded by the rush of steam 
from the furnace. There is no time to begin drawing 
the fires in such an emergency, and by this treatment 
the fires, though not altogether extinguished, will be 
rendered incapable of doing harm. If the flues be 
already red hot, on no account must cold water be 
suffered to enter the boiler, but the heat should be 
maintained in the furnaces, and the blow off cocks be 
opened, or the mud hole doors loosened, so as to let 
all the water escape ; but at the same time the pres- 
sure must be kept quite low in the boiler, so that 
there will be no danger of the hot flues collapsing 
with the pressure of the steam. 

310. Q , — Are plugs of fusible metal useful in pre- 
venting explosions ? 

A, — Plugs of fusible metal were at one time in 
much repute as a precaution against explosion, the 
metal being so compounded that it melted with the 
heat of high pressure steam ; but the device, though 
ingenious, has not been found of any utility in prac- 
tice. The basis of fusible metal is mercury, and it is 
found that the compound is not homogeneous, and 
that the mercury is forced by the pressure of the 
steam out of the interstices of the metal combined 
with it, leaving a porous metal which is not easily 
fusible, and which is, therefore, unable to perform its 
intended function. In locomotives, however, and also 
in some other boilers, a lead rivet is inserted with 
advantage in the crown of the fire box which is 
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ulelted out if the water becomes too low, and thus 
gives notice of the danger. 

311. Q. — May not explosion occur in marine 
boilers from the accumulation of salt on the flues ? 

A. — ^Yes, in marine boilers this is a constant source 
of danger which is only to be met by attention on the 
part of the engineer. If the water in the boiler be 
suflered to become too salt, an incrustation of salt 
will take place on the furnaces, which may cause 
them to become red hot, and they may then be col- 
lapsed even by their own weight aided by a moderate 
pressure of steam. The expedients which should be 
adopted for preventing such an accumulation of salt 
from taking place within the boiler as will be inju- 
rious to it, properly fall under the head of the ma- 
nagement of steam boilers, and will be explained in a 
stibrcquent chapter. 
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PROPORTIONS OP ENGINES, 


STEAM PASSAGES. 

312. Q, — What size of orifice is commonly allowed 
for the escape of the steam through the safety valve 
in low pressure engines ? 

A, — About 0*8 of a circular inch per horse power, 
or a circular inch per 1 J horse power. The folkw- 
ing rule, however, will give the dimensions suitable 
for all kinds of engines, whether high or low pressure : 
— multiply the square of the diameter of the cylinder 
in inches by the speed of the piston in feet per minute, 
and divide the product by 375 times the pressure on 
the boiler per square inch ; the quotient is tlie proper 
area of the safety valve in square inches. This rule 
of course supposes that the evaporating surface has 
been properly proportioned to the engine power. 

313. Q. — Is this rule applicable to locomotives ? 

A* — It is applicable to high pressure engines of 
every kind. The dimensions of safety valves, how- 
ever, in practice are very variable, being in some 
cases greater, and in some cases less, than what the 
rule gives, the consideration being apparently as often 
what proportions will best prevent the valve from 
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Sticking in its seat, as wliat proportions will enable 
the steam to escape freely. In Bury’s locomotives, 
tlie safety valve was generally 2^ inches diameter for 
all sizes of boiler, and the valve was kept down by a 
lever formed in the proportion of 5 to 1, fitted at one 
end with a Salter’s balance. As the area of the valve 
was 5 square inches, the number of pounds shown on 
the spring balance denoted the number of pounds 
pressure on each square inch of the boiler. 

314. Q. — Is there only one safety valve in a loco- 
motive boiler ? 

A . — There are always two. 

315. Q. — And are they always pressed down by a 
spring balance and never by weights ? 

A * — They are never pressed down by weights; in 
fact, weights would not answer on a locomotive at all, 
as they would jump up and down with the jerks or 
jolts of the train, and cause much of the steam to 
escape. In Mnd and marine boilers, however, the 
safety valve is always kept down by weights ; but in 
steam vessels a good deal of steam is lost in stormy 
weather by the opening of the valve, owing to the 
inertia of the weights when the ship sinks suddenly 
in the deep recess between the waves. 

316. Q. — What other sizes of safety valves are 
used in locomotives ? 

A, — Some are as large as 4 inches diameter, giving 
12 square inches of area ; and others are as small as 
1^"*^ inch diameter, giving 1 square inch of area. 

317. Q. — And are these valves all pressed down 
by a Salter’s spring balance ? 

A * — In the great mnjority of cases they are so, 
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and the lever by which they are pressed down is 
generally graduated in the proportion of the area of 
the valve to unity ; that is, in the case of a*valve of 
12 inches area, the long end of the lever to which the 
spring balance is attached is 12 times the length of 
the short end, so that the weight or pressure on the 
):)alance shows the pressure per square inch on the 
boiler. In some cases, however, a spiral spring, and 
in other cases a pile of elliptical springs, is placed 
directly upon the top of the valve, and it a})pears 
desirable that one of tlie valves at least should be 
loaded in tliis manner. It is difficult when the lever 
is divided in such a proportion as 12 to 1, to get 
sufficient lift of the valve without a large increase of 
pressure on the spring; and it appears expedient, 
therefore, to employ a shorter lever, which involves 
eitlier a reduction in the area of the valve, or an in- 
creased strength in the spring. 

318. Q. — What are the proper dimensions of the 
steam passages? 

A. — In slow working engines the common size of 
tlie cylinder passages is one-twenty-fifth of the area 
ol* the cylinder, or one-fifth of the diameter of the 
cylinder, which is the same tiling. This proportion 
corresponds very nearly with one square inch per 
liorse power when the length of the cylinder is about 
equal to its diameter ; and one square inch of area 
per horse power for the cylinder ports and eduction 
passages answers very w^ell in the case of engines 
working at the ordinary speed of 220 feet per minute. 
The area of the steam pipe is usually made less than 
the area of the eduction pipe, especially when the 



204 MODE OP DEDUCING SIZE PROPER FOR PASSAGES. 

engine is worked expansively, and with a considerabh^ 
pressure of steam. In the case of ordinary con- 
densing engines, however, working with the usual 
pressure of from 4 to 8 lbs. above the atmosphere, the 
area of the steam pipe is not less than a circular inch 
per Iiorso power. In such engines the diameter oi' 
the steam pipe may be found by the following rule : 
divide the number of nominal horse power by 0*8 and 
extract the square root of the quotient, which will bt*. 
the internal diameter of the steam pipe. 

319. Q. — Will you explain by what process of 
computation these proportions are arrived at ? 

— The size of the steam pipe is so regulated that 
there will be no material disparity of pressure be- 
tween the cylinder and boiler; and in fixing the size 
of the eduction passage the same object is kept in 
view. When the diameter of the cylinder and the 
velocity with which the piston travels are known, it 
is easy to tell what the velocity of the steam in the 
steam pipe will be ; for if the area of the cylinder be 
25 times greater than tliat of the steam pipe, the 
steam in the steam pipe must travel 25 times faster 
than the piston, and the difference of pressure re- 
quisite to produce this velocity of the steam can 
easily be ascertained, by finding what height a column 
of steam must bo to give that velocity, and what the 
weight or pressure is of such a column. In practice, 
however, this proportion is always exceeded from the 
condensation of steam in the pipe. 

320. Q. — If the relation you have mentioned sub- 
sist between the area of the steam passages and the 
velocity of tlio piston, then the passages must be 
hirirer when the piston travels very rapidly ? 
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A — And they are so made. The area of the ports 
of locomotive engines is usually so proportioned as to 
he from -x^^th to ^th the area of the cylinder — in 
some cases even as much as -J-th ; and in all high speed 
engines the ports should }>o very large, and the valve 
should have a good deal of travel so as to open the 
port very quickly. The area of port which it appears 
advisable to give to modern engines of every de- 
scription, is expressed by the following rule: — multi- 
ply the area of the cylinder in square inches by the 
speed of the piston in feet per minute, and divide the 
product by 4000 ; the quotient is the area of each 
cylinder port in square inches. This rule gives 
rather more than a square inch of port per nominal 
horse power to condensing engines working ut th<i 
ordinary speed ; but the excess is but small, and is 
upon the right side. For engines travelling very 
fust it gives a good deal more area than the common 
proportion, which is too small in nearly every case. 
In locomotive engines the eduction pipe passes into 
the chimney and the force of the issuing steam has 
the effect of maintaining a rapid draught through the 
furnace as before explained. The orifice of the waste 
steam pipe, or the blast pipe as it is termed, is much 
contracted in some engines with the view of pro- 
ducing a fiercer draught, and an area of ^^^nd of the 
of the cylinder is a common proportion ; but this is as 
much contraction as should be allowed, and is greater 
than is advisable. 

321. Q. — In engines moving at a high rate of 
speed, you have stated that it is important to give the 
valve lead, or in other words to allow tlie steam to 
escape before the end of the stroke ? 
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A . — Yes^ this is very important, else the piston 
will have to force out the steam from the cylinder, 
and will be much resisted. Near the end of the stroke 
tlie piston begins to travel slowly, and if the steam, be 
then permitted to escape, very little of the effective 
stroke is lost, and time is afforded to the steam, before 
the motion of the piston is again accelerated, to make 
its escape by the port. In some locomotives, from 
inattention to this adjustment and from a contracted 
area of tube section, which involved a strong blast, 
about half the power of the engine has been lost ; but 
in more recent engines, by using enlarged ports and 
by giving sufficient lead, this loss has been greatly 
diminished. 

322. Q. — What do you call sufficient lead ? 

A . — In fast going engines I would call it sufficient 
lead, when the eduction port was nearly open at the 
end of the stroke. 

323. Q . — Can you give any example of the benefit 
of increasing the lead ? 

A . — The early locomotives were made with very 
little lead, and the proportions were in fact very much 
the same as those previously existing in land engines. 
About 1832, the benefits of lap upon the valve, which 
had been employed by Boulton and Watt more than 
twenty years before, were beginning to be pretty gene- 
rally apprehended ; and, in the following year, this 
expedient of economy was applied to the steamer 
Manchester, in the Clyde, and to some other vessels, 
with very marked success. Shortly after this time, la[> 
began to be applied to the valves of locomotives, and 
it was found that not only ivas there a benefit from 



PROPER PROPORTIONS OF AIR PUMP AND CONDENSER. 20T 


the operation of expansion, but that there was a still 
greater benefit from the superior facility of escap(^ 
given to the steam, inasmuch as the application of 
lap involved the necessity of turning the eccentric 
round upon the shaft, which caused the eduction to 
take place before the end of the stroke. In 1840, one 
of the engines of the Liverpool and Manchester 
Railway was altered so as to have 1 inch lap on the 
valve, and 1 inch opening on the eduction side at the 
end of the stroke, the valve having a total travel of 
4^ inches. The consumption of fuel per mile fell 
from 36*3 lbs. to 28*6 lbs., or about 25 per cent., and a 
softer blast sufficed. By using larger exhaust pas- 
sages, larger tubes, and closer fire bars, the consump- 
tion was subsequently brought down to 15 lbs. per mile. 

AIR PUMP, CONDENSER, AND HOT AND COLD WATER 
PUMPS. 

324. Q . — Will you state the proper dimensions of the 
air pump and condenser in land and marine engines ? 

A, — Mr. Watt made the air pump of his engine 
half the diameter of the cylinder and half the stroke, 
or one-eighth of the capacity, and the condenser was 
usually made about the same size as the air pump ; but 
as the pressure of the steam has been increased in all 
modern engines, it is better to make the air pump a 
little larger than this proportion. 0’6 of the diameter 
of the cylinder and half the stroke answers very well, 
and the condenser may be made as large as it can be 
got with convenience, though the same size as the air 
pump will suffice. 
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325. Q. — Are air pumps now sometimes made 
double acting ? 

A , — Most of the recent direct acting marine engines 
for driving the screw are fitted with a double acting 
air pump, and when the air pump is double acting, it 
need only be about half the size that is necessary 
when it is single acting. It is single acting in nearly 
every case, except the case of direct acting screw 
engines of recent construction. 

326. Q. — What is the difference between a single 
and a double acting air pump ? 

A , — The single acting air pump expels the air and 
water from the condenser only in the upward stroke, 
of the pump, whereas a double acting air pump expels 
the air and w^ater both in the upward and downward 
stroke. It has, therefore, to be provided with inlet 
and outlet valves at both ends, whereas the single 
acting pump has only to be provided with an inlet or 
foot valve, as it is termed, at the bottom, and with an 
outlet or delivery valve, as it is termed, at the top. 
The single acting air pump requires to be provided 
with a valve or valves in the piston or bucket of the 
pump to enable the air and water lying below the 
bucket when it begins to descend, and which have 
entered from the condenser during the upward stroke, 
to pass through the bucket into the space above it 
during the downward stroke, from whence they are 
expelled into the atmosphere on the upward stroke 
succeeding. But in the double acting air pump no 
valve is required in the piston or bucket of the pump, 
and all that is necessary is an inlet and outlet valve 
at each end. 
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327. Q . — What are the dimensions of the foot and 
discharge valves of the air pump ? 

A * — The area through the foot and discharge valves 
is usually made equal to one-fourth of the area of the 
air pump, and the diameter of the waste water pipe is 
made one-fourth of the diameter of the cylinder, which 
gives an area somewhat less than that of the foot and 
discharge valve passages. But this proportion only 
applies in slow engines. In fast engines, with tlie air 
pump bucket moving as fast as the piston, the area 
through the foot and discharge valves should be equal 
to the area of the pump itself, and the waste water 
pipe should be of about the same dimensions. 

328. Q. — You have stated that double acting air 
pumps need only be of half the size of single acting 
ones. Does that relation hold at all speeds ? 

A . — It holds at all speeds if the velocity of the 
pump buckets are in each case the same ; but it does 
not hold if the engine with the single acting pump 
works slowly, and the engine with the double acting 
pump moves rapidly, as in the case of direct acting 
screw engines. All pumps moving at a high rate of 
speed lose part of their efficiency, and such pumps 
should therefore be of extra size. 

329. Q. — How do you estimate the quantity of 
water requisite for condensation ? 

A, — Mr. Watt found that the most beneficial tem- 
perature of the hot well of his engines was 100 degrees. 
If, therefore, the temperature of the steam be 212®, and 
the latent heat 1000°, then 1212° may be taken to 
represent the heat contained in the steam, or 1112° 
if we deduct the temperature of the hot well. If the 



210 


TOO MUCH INJECTION INJURIOUS. 


temperature of the injection water be 60°, then 50 de- 
grees of cold are available for the abstraction of heat , 
and as the total quantity of heat to be abstracted is 
that requisite to raise the quantity of water in the 
steam 1112 degrees, or 1112 times that quantity one 
degree, it would raise one-fiftieth of this, or 22*24 
times the quantity of w'ater in the steam 50 degrees. 
A cubic inch of water therefore raised into steam will 
require 22*24 cubic inches of water at 50 degrees for 
its condensation, and will form therewith 23*24 cubic 
inches of hot water at 100 degrees. Mr. Watt’s prac- 
tice was to allow about a wine pint (28*9 cubic inches) 
of injection water, for every cubic inch of water eva- 
porated from the boiler. 

330. Q. — Is not a good vacuum in an engine con- 
ducive to increased power? 

A , — It is. 

331. Q. — And is not the vacuum good in the pro- 
portion in which the temperature is low, supposing 
there to be no air leaks ? 

.Yes. 

332. Q. — Then how could Mr. Watt find a tempera- 
ture of 100° in the water drawn from the condenser, 
to be more beneficial than a temperature of 70° or 
80°, supposing there to be an abundant supply of cold 
water ? 

333. A. — Because the superior vacuum due to a 
temperature of 70° or 80° involves the admission of 
so much cold water into the condenser, which has after- 
wards to be pumped out in opposition to the pressure 
of the atmosphere, that the gain in the vacuum does 
not equal the loss of power occasioned by the addi- 
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tional load upon the pump, aud there is therefore a 
clear loss by the reduction of the temperature below 
100°, if such reduction be caused by the admission of 
ail additional quantity of water. If the reduction of 
temperature, however, be caused by the use of colder 
water, there is a gain produced by it, though the gain 
will within certain limits bo greater if advantage bo 
taken of the lowness of the temperature to diminish 
tlie quantity of injection. 

334. Q. — How do you determine the proper area of 
tlie injection orifice ? 

A , — The area of the injection orifice proper for any 
engine can easily be told when the quantity of water 
requisite to condense the steam is known, and the pres- 
sure is specified under which the water enters the con- 
denser. The vacuum in the condenser may be taken 
at 26 inches of mercury which is equivalent to a column 
of water 29*4 ft. high, and the square root of 29*4 
multiplied by 8*021 is 43*15, which is the velocity in 
feet per second that a heavy body would acquire in 
falling 29*4 ft., or with which the water would enter 
the condenser. Now, if a cubic foot of water evapo- 
rated per hour be equivalent to an actual horse power, 
and 28*9 cubic inches of water be requisite for the 
condensation of a cubic inch of water in the form of 
steam, 28*9 cubic feet of condensing water per horse 
power per hour, or 13*905 cubic inches per second, will 
1)6 necessary for the engine, and the size of the injec- 
tion orifice must be such that this quantity of water 
flowing with the velocity of 43*15 ft. per second, or 
517*8 inches per second, will gain admission to the con- 
denser Dividing, therefore, 13*905, the number of 
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cubic inches to be injected, by 517*8 the velocity of 
influx in inches per second, we get 0*02685 for the 
area of the orifice in square inches ; but inasmuch as 
it has been found by experiment that the actual dis- 
charge of water through a hole in a thin plate is only 
six-tenths of the theoretical discharge on account of 
the contracted vein, the area of the orifice must be in- 
creased in the proportion of such diminution of effect, 
or be made O’Ol^VS, or -g^s^nd of a square inch per horse 
power. This, it will be remarked, is the theoretical 
area required per actual horse power ; but as the 
friction and contractions in the pipe further reduce 
the discharge, the area is made ^ square inch 

per actual horse power or rather per cubic foot of 
water evaporated from the boiler. 

335. Q. — Cannot the condensation of the steam be 
accomplished by any other means than by the admis- 
sion of cold water into the condenser ? 

A . — It may be accomplished by the method of ex- 
ternal cold, as it is called, which consists in the appli- 
cation of a large number of thin metallic surfaces to 
the condenser, on the one side of which the steam cir- 
culates, while on the other side there is a constant 
current of cold water, and the steam is condensed by 
coming into contact with the cold surfaces, without 
mingling with the water used for the purpose of refri- 
geration, The first kind of condenser employed by 
Mr. Watt was constructed after this fashion, but he 
found it in practice to be inconvenient from its size, 
and to become furred up or incrusted when the water 
was bad, whereby the conducting power of the metal 
was impaired. He therefore reverted to the use of 
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the jet of cold water, as being upon the whole prefer- 
able. The jet entered the condenser instead of the 
cylinder, as was the previous practice, and this method 
is now the one in common use. Several years ago, a 
good number of steam vessels were fitted with Hall’s 
condensers, wliich operated on the principle of ex- 
ternal cold, and which consisted of a faggot of small 
copper tubes surrounded by water ; but the use of 
those condensers was relinquished. Latterly, how- 
ever, the plan has been revived, and is now widely 
employed. 

336. Q. — Y ou stated that the capacity of the feed 
pump was "s^^th of the capacity of the cylinder in 
the case of condensing engines, — the engine being 
double acting and the pump single acting, — and that 
in high pressure engines the capacity of the pump 
should be greater in proportion to the pressure of the 
steam. Can you give any rule that will express the 
l)ropcr capacity for the feed pump at all pressures? 

A , — That will not be difficult. In low pressure en- 
gines the pressure in the boiler may be taken at 5 lbs. 
above the atmospheric pressure, or 20 lbs. altogether ; 
.and as high pressure steam is merely low pressure 
steam compressed into a smaller compass, the size of 
the feed pump in relation to the size of the cylinder 
must obviously vary in the direct proportion of the 
pressure ; and if it be ^^th of the capacity of the 
cylinder when the total pressure of the steam is 20 lbs., 
it must be xiiyth of the capacity of the cylinder when 
the pressure is 40 lbs. per square inch, or 25 lbs. per 
square inch above the atmospheric pressure. This law 
of variation is expressed by the following rule : — mul- 
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tiply the capacity of the cylinder in cubic inches by 
the total pressure of tlie steam in lbs. per square inch, 
or the pressure per square inch on the safety valve 
plus 1 5, and divide the product by 4800 ; the quotient 
is the capacity of the feed pump in cubic inches, 
when the feed pump is single acting and the engine 
double acting. If the feed pump be double acting, 
or the engine single acting, the capacity of the pump 
must just be one-half of what is given by this rule. 

337. Q. — But should not some addition be made to 
the size of pump thus obtained if the pump works at a 
high rate of speed ? 

A. — No ; this rule makes allowance for defective 
action. All pumps lift much less water than is due 
to the size of their barrels and the number of their 
strokes. Moderately good pumps lose 50 per cent, 
of their theoretical effect, and bad pumps 80 per 
cent. 

338. Q . — To what is this loss of effect to be chiefly 
ascribed ? 

A . — Mainly to the inertia of the water, which, if 
the pump piston be drawn up very rapidly, cannot 
follow it with sufficient rapidity ; so that there may 
be a vacant space between the piston and the water ; 
and at the return stroke the momentum of the water 
in the pipe expends itself in giving a reverse motion 
to the column of water approaching the pump. 
Messrs. Kirchweger and Prusman, of Hanover, have 
investigated this subject by applying a revolving cock 
at the end of a pipe leading from an elevated cistern 
containing water, and the water escaped at every rc- 
vuliition of the cock in the same manner as if a pump 
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were drawing it. With a column of water of 17 feet, 
they found that at 80 revolutions of the cock per 
minute, the water delivered per minute by the cock 
was 9*45 gallons ; but with 140 revolutions of the cock 
per minute, the water delivered per minute by the 
cock was only 5*42 gallons. They subsequently 
applied an air vessel to the pipe beside the cock, when 
the discharge rose to 12*9 gallons per minute with 80 
revolutions, and 18*28 gallons with 140 revolutions. 
Air vessels should therefore be applied to the suction 
side of fast moving pumps, and the suction pipe 
should be made as short as possible. 

339. Q. — What are the usual dimensions of the 
cold water pump of land engines ? 

A . — If to condense a cubic inch of water raised 
into steam 28*9 cubic inches of condensing water arc 
required, then the cold water pump ought to be 28 9 
times larger than the feed pump, supposing that its 
losses were equally great. The feed pump, however, 
is made sufficiently large to compensate for leaks in 
the boih r and loss of steam through the safety valve, 
so that it will be sufficient if the cold water pump be 
24 times larger than the feed pump. This ratio is 
preserved by the following rule : — multiply the 
capacity of the cylinder in cubic inches by the total 
pressure of the steam per square inch, or the pressure 
on the safety valve plus 15, and divide the product 
by 200. The quotient is the proper capacity of the 
cold water pump in cubic inches when the engine 
is double acting, and the pump single acting. 
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FLY WHEEL. 

340. Q. — By what considerations do you deter- 
mine the dimensions of the fly wheel of an engine? 

A. — By a reference to the power generated, each 
lialf stroke of the engine, and the number of half 
strokes that are necessary to give to the fly wheel its 
standard velocity, supposing the whole power devoted 
to that object. In practice the power resident in the 
fly varies from 2^ to 6 time.s that generated each half 
stroke ; and if the weight of the wheel be equal to the 
pressure on the piston, its velocity must be such as it 
would acquire by falling through a height equal to 
from 2.} to 6 times the stroke, according to the purpose 
for which the engine is intended. If a very equable 
motion is required, a heavier or swifter fly wheel 
must be employed. 

341. Q. — What is Boulton and Watt’s rule for fly 
wheels ? 

A. — Their rule is one which under any given 
circumstances fixes the sectional area of the fly wheel 
rim, and it is as follows: — multiply 44,000 times the 
square of the diameter of the cylinder in inches by 
the length of the stroke in feet, and divide this product 
by the product of the square of the number of revolu- 
tions of the fly wheel per minute, multiplied by the 
cube of its diameter in feet. The quotient is the area 
of section of the fly wheel rim in square inches. 

STRENGTHS OP LAND ENGINES. 

342. <?. — Can you give a rule for telling the proper 
thickness of the cylinders of steam engines ? 

^,-^In low pressure engines the thickness of metal 
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of the cylinder, in engines of a medium size, should be 
about - 4 V^h of the diameter of the cylinder, which, 
with a pressure of steam of 20 lbs. above the atmo- 
vSphere, will occasion a strain of only 400 lbs. per 
square inch of section of the metal ; tlie thickness of 
the metal of the trunnion bearings of oscillating engines 
should be -^Vnd of the diameter of the cylinder, and the 
breadth of the bearing should be about half its 
diameter. In high pressure engines the thickness of 
the cylinder should be about -j\rth its diameter, which, 
with a pressure of steam of 80 lbs. upon the square 
inch, will occasion a strain of 640 lbs. upon the square 
inch of section of the metal; and the tliickncss of the 
metal of the trunnion bearings of high pressure oscil- 
lating engines should be y<^th of the diameter of the 
cylinder. The strength, however, is not the sole 
consideration in proportioning cylinders, for they 
must be made of a certain thickness, however small 
the pressure is within them, that they may not be too 
fragile, and will stand boring. While, also, an engine 
of 40 inches diameter would be about one inch thick, 
the thickness would not be quite two indies in an 80 
inch cylinder. In fact there will be a small constant 
added to the thickness for all diameters, which will be 
relatively larger the smaller the cylinders become. 
In the engines of Penn's 12 horse power engines, the 
diameter of cylinder being 21-J- inches, the thickness 
of the metal is -^g^ths : in Penn’s 40 inch cylinders, the 
thickness is 1 inch, and in the engines of the Ripon, 
Pottinger, and Indus, by Messrs. Miller, Ravenhill, 
and Co., with cylinders 76 inches diameter, the thick- 
ness of the metal is 1| J. These are all oscillating 
engines. 
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343. Q , — What is the proportion of the piston rod ? 

A, — The diameter of the piston rod is usually made 

-j3gth of the diameter of the cylinder, or the sectional 
area of the piston rod is 

cylinder. This proportion, however, is not applicable 
to locomotive, or even fast moving marine engines. 
In locomotive engines the piston rod is made ^th of 
the diameter of the cylinder, and it is obvious that 
where the pressure on the piston is great, the piston 
rod must be larger than when the pressure on the 
piston is small. 

344. Q. — What are the proper dimensions of the 
main links of a land beam engine ? 

ji. — The sectional area of the main links in land 
beam engines is yx^th of the area of the cylinder, and 
the length of the main links is usually half the length 
of the stroke. 

345. Q. — What are the dimensions of the connect- 
ing rod of a land engine? 

A . — In hu)d engines the connecting rod is usually 
of cast iron with a cruciform section ; the breadth 
across the arms of the cross is about i^’^^th of the length 
of the rod, the sectional area at the centre 
area of the cylinder, and at the ends of the area 
of the cylinder : the length of the rod is usually 3^ 
times the length of the stroke. It is preferable, how- 
ever, to make the connecting rod of malleable iron, 
and then the dimensions will be those proper for 
marine engines. 

346. 6* — Wliat was Mr. Watfs rule for the con- 
necting rod ? 

A. — Some of his connecting rods were of iron and 
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some of wood. To determine the thickness when of 
wood, multiply the square of the diameter of the 
cylinder in inches by the length of the stroke in feet, 
and divide the product by 24. Extract the fourth 
root of the quotient, which is the thickness in inches. 
For iron the rule is the same, only the divisor was 
57*6 instead of 24. 

347. Q. — What are the dimensions of the end 
studs of a land engine beam ? 

A, — In low pressure engines the diameter of the 
end studs of the engine beam are usually made -Jth of 
the diameter of the cylinder when of cast iron, and 
-j^^th when of wrought iron, which gives a load with 
low steam of about 500 lbs. per circular inch of trans- 
verse section ; but a larger size is preferable, as with 
large bearings the brasses do not wear so rapidly and 
the straps are not so likely to be burst by the bearings 
becoming oval. These sizes, as also those which im- 
mediately follow, suppose the pressure on the piston 
to be 18 lbs. per circular inch. 

348. Q . — How is the strength of a cast iron gudgeon 
computed ? 

A. — To find the proper size of a cast iron gudgeon 
adapted to sustain any given weight: — multiply the 
weight in lbs. by the intended length of bearing 
expressed in terms of the diameter ; divide the product 
by 500, and extract the square root of the quotient, 
whieVi is the diameter in inches. 

349. Q. — What was Mr. Watt’s rule for the 
strength of gudgeons ? 

A. — Supposing the gudgeon to be square, then, to 
ascertain the thickness, multiply the weight resting 
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on the gudgeon by the distance between the trunnions, 
and divide the product by 333. Extract the cube 
root of the quotient, which is the thickness in inches. 

350. Q. — How do you find the proper strength for 
ihe cast iron beam of a land engine ? 

A, — If tlie force acting at tlie end of an engine 
beam be taken at 18 lbs. per circular inch of the 
])iston, then the force acting at the middle will be 
36 lbs. per circular inch of the piston, and the proper 
strength of the beam at the centre will be found by 
tlie following rule: — divide the weight in lbs. acting 
at the centre by 250, and multiply the quotient by the 
distance between the extreme centres. To find the 
depth, the breadth being given : — divide this product 
by the breadth in indies, and extract the square root 
of the quotient, which is the depth. The depth of a 
land engine beam at the ends is usually made one-third 
of the depth at the centre (the depth at the centre 
being equal to the diameter of the cylinder in the case 
of low pressure engines), while the length is made 
equal to three times the length of the stroke, and the 
mean thickness yj^th of the length — the width of the 
edge bead being about three times the thickness of the 
'vveb. In many modern engines the force acting at 
the end of the beam is more than 18 lbs. per circular 
inch of the piston, and it is now known moreover 
that the strength of a beam depends mainly on the 
strength of the flanges. 

351. Q — What was Mr. Watt’s rule for the main 
beams of his engines ? 

A . — Some of those beams were of wood and some 
of cast iron. The wood beams were so proportioned 
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that the thickness was 3 ?^tli of ^he circumference, ami 
the depth The side of tlie beam, supposing it 

square, was found by multiplying the diameter of the 
cylinder by the length of tlie stroke, and extracting 
the cube root of the quotient, which will be tlie depth 
or thickness of the beam. This rule allows a beam 
16 feet long to bend ^-th of an inch, and a beam 32 
feet long to bend ^ of an inch. For cast iron beams 
the square of the diameter of the cylinder, multiplied 
by half the length between the centres, is equal to the 
square of the depth, multiplied by the thickness. 

352. Q — What law does the strength of beams and 
shafts follow ? 

A, — In the case of beams subjected to a breaking 
force, the strength with any given cohesion of the 
material will be proportional to tlie breadth, multi- 
plied by the square of the depth ; and in the case of 
revolving shafts exposed to a twisting strain, the 
strength with any given cohesive power of the material 
will be as the cube of the diameter. 

353. Q. — How is the strength of a cast iron shaft 
to resist torsion determined? 

A, — Experiments upon the force requisite to twist 
off cast iron necks show that if the cube of the 
diameter of neck in inches be multiplied by 880, the 
product will be the force of torsion which will twist 
them off when acting at 6 inches radius ; on this fact 
the following rule is founded : To find the diameter 
of a cast iron fly wheel shaft : — multiply the square of 
the diameter of the cylinder in inches, by the length 
of the crank in inches, and extract the cube root of 
the product, which multiply by 0*3025, and the result 



222 PROPORTIONS PROPER FOR TEETH OP WHEELS. 


will be the proper diameter of the shaft in inches at 
the smallest part, when of cast iron. 

354. Q. — What was Mr. Watt’s rule for the necks 
of his crank shafts ? 

A, — Taking the pressure on the piston at 12 lbs. 
pressure on the square inch, and supposing this force 
to be applied at one foot radius, divide the total 
pressure of the piston reduced to 1 foot of radius by 
31*4, and extract the cube root of the quotient, which 
is the diameter of the shaft : or extract the cube root 
of 13-7 times the number of cubic feet of steam 
required to make one revolution, which is also the 
diameter of the shaft. 

355. Q. — Can you give any rule for the strength 
of the teeth of wheels ? 

A » — To find the proper dimensions for the teeth of 
a cast iron wheel : — multiply the diameter of the pitch 
circle in feet by the number of revolutions to be made 
per minute, and reserve the product for a divisor; 
multiply the number of actual horses power to be 
transmitted by 240, and divide the product by the 
above divisor, which will give the strength. If the 
pitch be given to find the breadth, divide the above 
strength by the square of the pitch in inches ; or if 
the breadth be given, then to find the pitch divide 
tlie strength by the breadth in inches, and extract the 
square root of the quotient, which is the proper pitch 
in inches. The length of the teeth is usually about 
|ths of the pitch. Pinions to work satisfactorily 
should not have less than 30 or 40 teeth, and where 
♦.he speed exceeds 220 feet in the minute, the teeth of 
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the larger wheel should be of wood, made a little 
tliicker to keep the strength unimpaired. 

356. Q. — What was Mr. Watt’s rule for the pitch 
of wheels ? 

A, — Multiply five times the diameter of the larger 
wheel by the diameter of the smaller, and extract the 
fourth root of the product, which is the pitch. 


STRENGTH OF MARINE AND LOCOMOTIVE ENGINES. 

357. Q. — Cannot you give some rules of strength 
which will be applicable whatever pressure may be 
employed ? 

A. — In the rules already given, the effective 
pressure may be reckoned at from 12 to 23 lbs. upon 
every square inch of the piston, as is usual in land 
engines ; and if the pressure upon every square inch 
of the piston be made twice greater, the dimensions 
must just be those proper for an engine of twice the 
area of piston. It will not be difficult, however, to 
introduce the pressure into the rules as an element of 
the computation, whereby the result will be applicable 
both to high and low pressure engines. 

' 358. Q. — Will you apply this mode of computation 
to a marine engine, and first find the diameter of the 
piston rod? 

A, — The diameter of the piston rod may be found 
by multiplying the diameter of the cylinder in inches, 
by the square root of the pressure on the piston in 
lbs. per square inch, and dividing by 50, which 
makes the strain |th of the elastic force. 
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359. Q. — ^What will be the rule for the connecting 
rod, supposing it to be of malleable iron ? 

A, — The diameter of the connecting rod at the 
ends, may be found by multiplying 0*019 times the 
square root of the pressure on the piston in lbs. per 
square inch by the diameter of the cylinder in inches ; 
and the diameter of the connecting rod in the middle 
may be found by the following rule : — to 0*0035 times 
the length of the connecting rod in inches, add 1, and 
multiply the sum by 0*019 times the square root of 
the pressure on the piston in lbs. per square inch, 
multiplied by the diameter of the cylinder in inches. 
The strain is equal to -Jth of the elastic force. 

360. Q. — How will you find the diameter of the 
cylinder side rods of a marine engine ? 

A. — The diameter of the cylinder side rods at the 
ends may be found by multiplying 0*0129 times the 
square root of the pressure on the piston in lbs. per 
square inch by the diameter of the cylinder ; and the 
diameter of the cylinder side rods at the middle is 
found by the following rule : — to 0*0035 times the 
length of the rod in inches, add 1, and multiply the 
sum by 0*0129 times the square root of the pressure 
on the piston in lbs. per square inch, multiplied by 
the diameter of the cylinder in inches ; the product is 
the diameter of each side rod at the centre in inches. 
The strain upon the side rods is by these rules equal 
to -J-th of the elastic force. 

361. Q. — How do you determine the dimensions of 
the crank ? 

A, — To find the exterior diameter of the large eye 
of the crank when of malleable iron : — to 1*561 times 



DIMENSIONS OF MALLEABLE IRON CRANKS. 22o 


the pressure of the steam upon the piston in lbs. per 
square inch, multiplied by the square of the length 
of the crank in inches, add 0*00494 times the square 
of the diameter of the c^dinder in inches, multiplied 
by the square of the number of lbs. pressure per square 
inch on the piston; extract the square root of this 
quantity; divide the result by 75*59 times the square 
root of the length of the crank in inches, and multiply 
the quotient by the diameter of the cylinder in inches ; 
square the product and extract the cube root of the 
square, to which add the diameter of the hole for the 
reception of the shaft, and the result will be the ex- 
terior diameter of the large eye of the crank when of 
malleable iron. The diameter of the small eye of the 
crank may be found by adding to the diameter of the 
crank pin 0 0252 1 times the square root of the pres- 
sure on the piston in lbs. per square inch, multiplied 
by the diameter of the cylinder in inches. 

362. Q. — What will be the thickness of the crank 
web? 

A, — The thickness of the web of the crank, sup- 
posing it to be continued to the centre of the sliatt, 
would at that point be represented by the following 
rule : — to 1*561 times the square of the length of the 
crank in inches, add 0*00494 times the square of the 
diameter of the cylinder in inches, multiplied by the 
pressure on the piston in lbs. per square inch ; extract 
the square root of the sum, which multiply by the 
diameter of the cylinder squared in inches, and by the 
pressure on the piston in lbs. per square inch ; divide 
the product by 9000, and extract the cube root of the 
quotient, which will be che proper thickness of the 
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web of the crank when of malleable iron, supposing 
the web to be continued to the centre of the shaft. 
The thickness of the web at the crank pin centre, 
supposing it to be continued thither, would be 0*022 
times the square root of the pressure on the piston in 
lbs. per square inch, multiplied by the diameter of the 
cylinder. The breadth of the web of the crank at the 
shaft centre should be twice the thickness, and at the 
pin centre times the thickness of the web ; the 
length of the large eye of the crank should be equal 
to the diameter of the shaft, and of the small eye 
0 0375 times the square root of the pressure on tluj 
piston in lbs. per square inch, multiplied by the 
diameter of the cylinder. 

3G3. Q . — Will you apply the same method of com- 
putation to find the dimensions of a malleable iron 
padrde shaft? 

A, — 1 e method of computation will be as follows : 
— to tind the dimensions of a malleable iron paddle 
shaft, so that the strain shall not exceed |tlis of the 
elastic force, or ^ths of the force iron is capable of 
withstanding without permanent derangement of 
structure, wliich in tensile strains is taken at 17,800 lbs. 
per square ineh: multiply the pressure in lbs. pei- 
square inch on tlie piston by the square of the 
diameter of the cylinder in inches, and the length of 
the crank in inches, and extract the cube root of the 
})roduct, wliich, multiplied by 0*08264, will be the 
diameter of tlie paddle shaft journal in inches when of 
malleable iron, whatever the pressure of the steam 
may be. The length of the paddle shaft journal 
should be 1^ times the diameter; and the diameter 
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of the part where the crank is put on is often made 
equal to the diameter over the collars of the journal 
or bearing. 

364. Q. — How do you find the diameter of the 
crank pin ? 

A, — The diameter of the crank pin in inches may 
be found by multiplying 0*02836 times the square 
root of the pressure on the piston in lbs. per square 
inch, by the diameter of the cylinder in inches. The 
length of the pin is usually about fth times its 
diameter, and the strain if all thrown upon the end of 
the pin will be equal to the elastic force; but in 
ordinary working, the strain will only be equal to ^rd 
of the elastic force. 

365. Q. — What are the dimensions of the cross 
head ? 

A . — If the length of the cross head be taken at 1*4 
times the diameter of the cylinder, the dimensions of 
the cross head will be as follows : — the exterior dia- 
meter of the eye in the cross head for the reception of 
the piston rod, will be equal to the diameter of tin; 
liole, plus 0*02827 times the cube root of the pressiirtj 
on the piston in lbs. per square inch, multiplied by tiui 
diameter of the cylinder in inches ; and the deptli of 
the eye will be 0*0979 times the cube root of the 
pressure on the piston in lbs. per square inch, multi- 
plied by the diameter of the cylinder in inches. The 
diameter of each cross head journal will be 0*01716 
times tlie square root of the pressure on the piston in 
lbs. per square inch, multiplied by the diameter of the 
cylinder in inclies — the length of the journal beinj^ 
|ths its diameter. The thickness of the web at centre 
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will be 0*0245 times the cube root of the pressure on 
the piston in lbs. per square inch, multiplied by the 
diameter of the cylinder in inches ; and the depth of 
web at centre will be 0*09178 times the cube root of 
the pressure on the piston in lbs. per square inch, 
multiplied by the diameter of the cylinder in inches. 
The thickness of the web at journal will be 0*0122 
times the square root of the pressure on the piston in 
lbs. per square inch, multiplied by the diameter of the 
cylinder in inches ; and the depth of the web at journal 
will be 0*0203 times the square root of the pressure 
upon the piston in lbs. per square inch, multiplied by 
the diameter of the cylinder in inches. In these rules 
for the cross head, the strain upon the web is 
times the elastic force ; the strain upon the journal in 
ordinary working is times the elastic force ; and 
if the outer ends of the journals are the only bearing 
points, the strain is y,x(r 5 - times the elastic force, 
which is very little in excess of the elastic force. 

366. Q. — How do you find the diameter of the 
main centre when proportioned according to this 
rule ? 

A, — The diameter of the main centre may be found 
by multiplying 0*0367 times the square root of the 
pressure upon the piston in lbs. per square inch, by 
the diameter of the cylinder in inches, wliich will give 
the diameter of the main centre journal in inches 
when of malleable iron, and the length of the main 
centre journal should be times its diameter; the 
strain upon the main centre journal in ordinary 
working will be about ^ tlie elastic force. 
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367. Q. — What are the proper diinensions of the 
gibs and cutters of an engine? 

— The depth of gibs and cutters for attaching 
the piston rod to the cross head, is 0-0358 times the 
cube root of the pressure of the steam on the piston 
in lbs. per square inch, multiplied by the diameter of 
the cylinder; and the thickness of the gibs and 
(cutters is 0*007 times the cube root of the pressure 
on the piston in lbs. per square inch, multiplied by the 
diameter of the cylinder. TJie depth of the cutter 
through the piston is 0*017 times the square root of 
the pressure on the piston in lbs. per square inch, 
multiplied by the diameter of the cylinder in inches ; 
and the thickness of the cutter through the piston is 
0-007 times the square root of the pressure on the 
piston in lbs. per square inch, multiplied by the 
diameter of the cylinder. 

368. Q. — Are not some of the parts of an engine 
constructed according to these rules too weak, when 
compared with the other parts ? 

A. — It is obvious, from the varying proportions 
subsisting in the different parts of the engine between 
the strain and the elastic force, tlmt in engines pro- 
portioned by these rules — which represent neverthe- 
less the average practice of the best constructors — 
some of the parts must possess a considerable excess 
of strength over other parts, and it appears expedient 
that this disparity should be diminished, which may 
best be done by increasing the strength of the parts 
which are weakest ; inasmuch as the frequent fracture 
of some of the parts shows tliat the dimensions at 
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present adopted for those parts are scarcely sufficient 
unless the iron of which they are made is of the best 
quality. At the same time it is quite certain, that 
engines proportioned by these rules will work satis- 
factorily where good materials are employed ; but it 
is important to know in what parts good materials and 
liirge dimensions are the most indispensable. In many 
of the parts, moreover, it is necessary that tlie dimen- 
sions should be proportioned to meet the wear and 
the tendency to luiat, instead of being merely propor- 
tioned to obtain the necessary strength ; and the crank 
pin is one of the parts which requires to be large in 
diameter, and as long as possible in the bearing, so as 
to distribute the pressure, and prevent the disposition 
to heat which would otherwise exist. The cross head 
journals also vshould be long and large; for as ilm tops 
of the side rods liavc little travel, the oil is less drawn 
into the bearings than if the travel was greater, anc; 
is being c^mstantly pressed out by the punching 
strain. Tiiis strain should therefore be reduced as 
far ns possible by its distribution over a large surface. 
In the rules which are contained in the answers to 
the ten preceding questions (358 to 367) the pressure 
on the piston in lbs. per square inch is taken as the 
sum of the pressure of steam in the boiler and of the 
vacuum ; the latter being assumed to be 15 lbs. per 
square inch. 
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CONSTRUCTIVE DETAILS OP BOILERS. 


LAND AND MAlllNE BOILERS. 

369. Q. — Will you explain tlie course of procedure in 
tlie construction and setting of waggon boilers ? 

A, — Most boilers are made of plates tbree-cigbtbs 
of an inch thick, and the rivets are from thrce-eigliths 
to three-fourths of an inch in diameter. In the bottom 
and sides of a waggon boiler the heads of the rivets, or 
the ends formed on the rivets before they are inserted, 
should be large and placed next the fire, or on the out- 
side; whei'cas on the top of the boiler the heads should 
be on the inside. The rivets should be placed about 
two inches distant from centre to centre, and the centre, 
of the row of rivets should be about one inch from the 
edge of the plate. Tlie edges of the plates should be 
truly cut, both inside and outside, and after the part*; 
of the boiler have been riveted together, the edges of 
the plates should be set up or caulked with a blunt 
chisel about a quarter of an inch thick in the point, 
and struck by a hammer of about three or four pounds 
weight, one man holding the caulking tool while 
another strike.s. 
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370. Q. — Is this the usual mode of caulking ? 

A , — No, it is not the usual mode; but it is the best 
mode, and is the mode adopted by Mr. Watt. The 
usual mode now is for one man to caulk the seams 
with a hammer in one hand and a caulking chisel in 
the otlier, and in some of the difficult corners of marine 
flue boilers it is not easy for two men to get in. A 
good deal of the caulking has also sometimes to be 
(lone with the left hand. 

371. Q, — Should the boiler be proved after 
caulking ? 

A . — The boiler should be filled with water and 
caulked afresh in any leaky part when emptied again. 
All the joints should be painted with a solution 
of sal ammoniac in urine, and so soon as the seams 
are well rusted they should be dried with a gentle 
fire, and then be painted over with a thin putty 
formed of whiting and linseed oil, the heat being con- 
tinued until the putty becomes so hard that it cannot 
be readily scratched with the nail, and care must be 
taken neither to burn the putty nor to discontinue the 
lire until it has become quite dry, 

372. Q. — How should the brickwork setting of a 
waggon boiler be built ? 

A. — In building the brickwork for the setting of 
the boiler, the parts upon which the heat acts with 
most intensity is to be built with clay instead of 
mortar, but mortar is to be used on the outside of the 
work. Old bars of flat iron may be laid under the 
boiler chime to prevent that part of the boiler from 
being burned out, and bars of iron should also run 
through the brickwork to prevent it from splitting. 
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The top of the boiler is to be covered with brickwork 
laid in the best lime, and if the lime be not of the 
hydraulic kind it should be mixed with Dutch terrass 
to make it impenetrable to water. The top of the 
boiler should be well plastered with this lime, which 
will greatly conduce to the tightness of the seams. 
Openings into the flues must be left in convenient 
situations to enable the flues to be swept out when 
required, and these openings may be closed with cast 
iron doors jointed with clay or mortar, which may be 
easily removed when required. Adjacent to the chim- 
ney a slit must be left in the top of the flue with a 
groove in the brickwork to enable the sliding door 
or damper to be fixed in that situation, which by 
being lowered into the flue will obstruct the passage 
of the smoke and moderate the draught, whereby the 
chimney -will be prevented from drawing the flame 
into it before the heat has acted sufficiently upon the 
boiler. 

373. Q. — Are marine constructed in the same way 
as land boilers ? 

A, — There is very little difference in the two 
cases : the whole of the shells of marine boilers, how- 
ever, should be double riveted with rivets ^-^ths of an 
inch in diameter, and 2^th inches from centre to 
centre, the weakening effect of double riveting being 
much less than that of single riveting. The furnaces 
above the line of bars should be of the best Lowmoor, 
Bowling, or Staffordshire scrap plates, and the portion 
of each furnace above the bars should consist only of 
three plates, one for the top and one for each side, the 
lower seam of the side plates being situated beneath 
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the level of tlie bars, so as not to be exposed to the 
heat of the furnace. Tlie tube plates of tubular 
boilers should be of the best Lovvmoor, or Bowling 
iron, seven-eighths to one inch thick : the shells 
should be of tlie best Staffordshire, or Thorriycroft S 
crown iron, iV^hs of an inch thick. 

374. Q. — Of what kind of iron should the angle 
iron or corner iron be composed ? 

A. — Angle iron should not be used in the con- 
struction of boilers, as in the manufiicture it becomes 
reedy, and is apt to split up in the direction of its 
length : it is much the safer practice to bend the 
plates at the corners of the boiler ; but this must be 
carefully done without introducing any more sliarf) 
bends than can be avoided, and plates wdiich n^quire 
to be bent much should be of Low moor iron. It will 
usually be found expedient to introduce a ring of 
angle iron around the furnace mouths, though it is 
discarded in the other parts of the boiler ; but it 
should be used as sparingly as possible, and any that 
is used sliould be of the best quality. 

373. Q. — Is it not important to have the holes in 
the plates opposite to one another ? 

A, — The wliole of the plates of a boilcT should 
have the lioles for the rivets punched, and the edges 
cut straight, by means of self-acting machinery, in 
which a travelling table carries forward the plate with 
an equal progr(‘ssion every stroke of the punch or 
shears ; and machinery of this kind is now extensively 
employed. The practice of forcing the parts of boilers 
together with violence, by means of screw-jacks, and 
drifts through the holes, should not be permitted ; as 
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a great strain may thus be thrown upon the rivets, 
even when there is no steam in the boiler. All rivets 
should be of the best Lowmoor iron. The work should 
be caulked both within and without wherever it is 
accessible, but in the more confined situations within 
the flues the caulking will in many cases liave to be 
(lone with the hand or chipping liammer instead of 
the heavy hammer previously prescribed. 

376. Q. — How is the setting of marine boilers 
with internal furnaces effected ? 

A In the setting of marine boilers care must be 

taken that no copper bolts or nails project above the 
wooden platform upon which they rest, and also that 
no projecting copper bolts in the sides of the ship 
touch the boiler, as the galvanic action in such a case 
would probably soon wear the points of contact into 
holes. The platform may consist of three inch plank- 
ing laid across the keelsons nailed with iron nails, the 
heads of which are w^ell punched down, and caulked 
and puttied like a deck. The surface may then he 
painted over with thin putty, and fore and aft boards 
of half the thickness may then be laid down and 
nailed securely with iron nails, having the lieads well 
punched down. This platform must then be covered 
thinly and evenly with mastic cement and the boiler 
be set down upon it, and the cement must be caulked 
beneath the boiler by means of wooden caulking tools, 
so as completely to fill every vacuity. Coomings of 
wood sloped on the top must next be set round the 
boiler, and the space between the coomings and the 
boiler must be caulked full of cement, and be smoothed 
off on the top to the slope of the coomings, so as to 
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throw off any water that might be disposed to enter 
between the coomings and the boiler. 

377. Q. — How is the cement used for setting 
marine boilers compounded ? 

A . — Mastic cement proper for the setting of boilers 
is sold in many places ready made. Hamelin’s mastic 
is compounded as follows : — to any given weight of 
sand or pulverised earthenware add two-thirds such 
given weight of powdered Bath, Portland, or other 
similar stone, and to every 560 lbs. weight of the mix- 
ture add 40 lbs. weight of litharge, 2 lbs. of powdered 
glass or flint, 1 lb. of minium, and 2 lbs. of gray oxide 
of lead ; pass the mixture through a sieve, and keep 
it in a powder for use. When wanted for use, a suf- 
fleient quantity of the powder is mixed with some 
vegetable oil upon a board or in a trough in the 
manner of mortar, in the proportion of 605 lbs. of tlio 
powder to 5 gallons of linseed, walnut, or pink oil, 
and the mixture is stirred and trodden upon until it 
assumes the appearance of moistened sand, when it is 
ready for use. The cement should be used on the 
same day as the oil is added, else it will set into i 
solid mass. 

378. Q. — What is the best length of the furnaces 
of marine boilers ? 

A, — It has already been stated that furnace bars 
should not much exceed six feet in length, as it is dif* 
iicult to manage long furnaces ; but it is a frequent 
practice to make the furnaces long and narrow, the 
consequence of which is, that it is impossible to fire 
them effectually at the after end, especially upon long 
voyages and in stormy weather, and air escapes into 
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the flues at the after end of the bars, whereby the 
efficacy of the boiler is diminished. Where the bars 
are very long it will generally be found that an in- 
creased supply of steam and a diminished consumption 
of coal will be the consequence of shortening them, 
and the bars should always lie with a considerable in- 
clination to facilitate the distribution of the fuel over 
the after part of the furnace. When there are two 
lengths of bars in the furnace, it is expedient to make 
the central cross bar for bearing up the ends double, 
and to leave a space between the ends of the bars so 
that the ashes may fall through between them. The 
space thus left enables the bars to expand without 
injury on the application of heat, whereas without 
some such provision the bars are very liable to get 
burned out by bending up in the centre, or at the 
ends, as they must do if the elongation of the bars on 
the application of heat be prevented ; and this must 
be the efiect of permitting the spaces at the ends of 
the bars to be filled up with ashes. At each end of 
each bed of bars it is expedient to leave a space which 
the ashes cannot fill up so as to cause the bars to jam ; 
and care must be taken that the heels of the bars do 
not come against any of the furnace bearers, whereby 
the room left at the end of the bars to permit tlie 
expansion would be rendered of no avail. 

379. Q. — Have you any remarks to offer respecting 
the construction and arrangement of the furnace 
bridges and dampers of marine boilers ? 

ji, — The furnace bridges of marine boilers are 
walls or partitions built up at the ends of the furnaces 
to narrow the opening for the escape of lieat into the 
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flues. They are either made of fire brick or of plate 
iron containing water : in the case of water bridges, 
the top part of the bridge should be made with a large 
amount of slant so as to enable the steam to escape 
freely, but notwithstanding this precaution the plates 
of water bridges are apt to crack at the bend, so that 
fire brick bridges appear on the wliole to be preferable. 
In shallow furnaces the bridges often come too near 
the furnace top to enable a man to pass over them ; 
and it will save expense if in such bridges the upper 
portion is constructed of two or three fire blocks, 
which may be Iffttjd off where a i>erson requires to 
enter the flues to sweep or repair lliein, whereby the 
perpetual demolition and reconstruction of the upper 
part of the bridge will be prevented. 

380. Q. — What is the benefit of bridges ? 

A* — Bridges are found in practice to have a very 
sensible operation in increasijig the production of 
steam, and in .-ome boilers in which the brick bridges 
have been accidentally knocked down by the firemen, 
a very considerable diminution in the supply of steam 
has been experienced. Their chief operation seems to 
lie in concentrating the heat within the furnace to a 
higher temperature, whereby the heat is more rapidly 
transmitted from the furnace to the water, and less 
heat lias consequently to be absorbed by the flues. In 
this way the bridges render the beating surface of a 
boiler more effective, or enable a smaller amount of 
heating surface to suffice. 

381. Q. — Are the bridges behind the furnaces the 
only bridges used in steam boilers? 

A, — It is not an uncommon practice to place a 
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hanging bridge, consisting of a plate of iron desce nding 
a certain distance into the flue, at that part of the fliui 
where it enters the chimney, whereby the stratum of 
hot air which occupies the highest part of the flue is 
kept in protracted contact with the boiler, and the 
cooler air occupying the lower part of the flue is that 
which alone escapes. The practice of introducing a 
hanging bridge is a beneficial one in tlie case of some 
boilers, but is not applicable universally, as boilers 
with a small calorimeter cannot be further contracted 
in the flue without a diminution in their evaporating 
power. In tubular boilers a hanging bridge is not 
applicable, but in some cases a perforated plate is 
placed against the ends of the tubes, which by suitable 
connections is made to operate as a sliding damper 
which partially or totally closes up the end of every 
tube, and at other times a damper constructed in the 
manner of a Venetian blind is employed in the same 
situation. These varieties of damper, however, liave 
only yet been used in locomotive boilers, though ap- 
plicable to tubular boilers of every description. 

382. Q . — Is it a benefit to keep the flues or tubes 
appertaining to each furnace distinct? 

A , — In a flue boiler this cannot be done, but in a 
tubular boiler it is an advantage that there should be 
a division betwHien the tubes pertaining to each fur- 
nace, so that the smoke of each furnace may be kept 
apart from the smoke of the furnace adjoining it until 
the smoke of both enters the chimney, as by this ar- 
rangement a furnace only will be rendered inoperative 
in cleaning the fires instead of a boiler, and the tubes 
belonging to one furnace may be swept if nece‘^sary at 
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sea without interfering injuriously with the action of 
the rest. In a steam vessel it is necessary at intervals 
to empty out one or more furnaces every watch to get 
rid of the clinkers which would otherwise accumulate 
in them ; and it is advisable that the connection be- 
tween the furnaces should be such that this operation, 
when being performed on one furnace, shall injure the 
action of the rest as little as possible. 

383. Q. — Can any constructive precautions be 
taken to prevent the furnaces and tube plates of the 
boiler from being burned by the intensity of the 
heat ? 

A, — The sides of the internal furnaces or flues in 
all boilers should be so constructed that the steam 
may readily escape from their surfaces, with which 
view it is expedient to make the bottom of the flue 
somewhat wider than the top, or slightly conical in 
the cross section ; and the upper plates should always 
be overlapped by the plates beneath, so that the steam 
cannot be retained in the overlap, but will escape as 
soon as it is generated. If the sides of the furnace be 
made high and perfectly vertical, they will speedily be 
buckled and cracked by the heat, as a film of steam in 
such a case will remain in contact with the iron which 
will prevent the access of the water, and the iron of 
the boiler will be injured by the high temperature it 
must in that case acquire. To moderate the intensity 
of the heat acting upon the furnace sides, it is expe- 
dient to bring the outside fire bars into close contact 
with the sides of the furnace, so as to prevent the 
entrance of air through the fire in that situation, by 
which the intensity of the heat would be increased. 
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The tube plate nearest the furnace in tubular boilers 
should also be so inclined as to facilitate the ( scape of 
the steam ; and the short bent plate or flange of the 
tube plate, connecting the tube plate with the top of 
the furnace, should be made with a gradual bend, as, if 
the bend be sudden, the iron will be apt to crack or 
burn away from the concretion of salt. Where the 
furnace mouths are contracted by bending in the sides 
and top of the furnace, as is the general practice, the 
bends should be gradual, as salt is apt to accumulate 
in the pockets made by a sudden bend, and the plates 
will then burn into holes. 

384. Q. — In what manner is the tubing of boilers 
performed ? 

A. — The tubes of marine boilers are generally ii on 
tubes, three inches in diameter, and between six and 
seven feet long ; but sometimes brass tubes of similar 
dimensions are employed. When brass tubes are em- 
ployed the use of ferules driven into the ends of the 
tubes is sometimes employed to keep them tight ; but 
when the tubes are of malleable iron, of the thick n(*s3 
of Russelfs boiler tubes, they may be made tight 
merely by driving them firmly into the tube plates, 
and tlie same may be done with thick brass tubes. 
The holes in the tube plate next the front of the boiler 
are just sensibly larger in diameter than the holes in 
the other tube plate, and the holes upon the outer sur- 
faces of both tube plates are very slightly countersunk. 
The whole of the tubes are driven through both 
tube plates from the front of the boiler, — the precau- 
tion, however, being taken to drive them in gently at 
first with a light band hammer, until the whole of the 
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tubes have been inserted to an equal depth, and then 
they may be driven up by decrees with a heavy ham- 
mer, whereby any distortion of the holes from unequal 
driving will be prevented. Finally, the ends of the 
tubes should be riveted up so as to fill the counter- 
sink ; the tubes should be left a little longer than the 
distance between the outer surfaces of the tube plates, 
so that the countersink at tlie ends may be filled by 
staving up the end of the tube ratlier than by riveting 
it over ; and the staving will be best accomplished by 
means of a mandril with a collar upon it, which is 
driven into the tube so that the collar rests upon the 
end of the tube to be riveted ; or a tool like a blunt 
chisel with a recess in its point may be used, as is 
the more usual practice. 

38o. Q. — Should not stays he introduced in sub- 
stitution of some of the tubes ? 

A. — It appears expedient in all cases that some of 
the tubes should be screwed at the ends, so as to serve 
as stays if the riveting at the tube ends haj)pens to be 
burned away, and also to act as abutments to the 
riveted tube — or else to introduce very strong rods of 
about the some diameter as a tube, in substitution of 
some of the tubes ; and these stays should have nuts 
at each end both within and without the tube plates, 
which nuts should be screwed up, with white lead in- 
terposed, bt’fore the tubes are inserted. If the tubes 
are long, their expansion when the boiler is being 
blown off will be apt to start them at the ends, unless 
very securely fixed ; and it is difficult to prevent brass 
tubes of large diameter and proportionate length from 
being started at the ends, even when secured by 
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ferules; but the brass tubes commonly em}>loye(l are 
so small as to be susceptible of sufficient compression 
(uidways by the adhesion due to the ferules to com- 
])ensatefor the expansion, whereby they are prevented 
from starting at the ends. In some of the (^arly 
marine boilers fitted with brass tubes, a galvanic 
action at the ends of the tubes was found to take 
place, and the iron of the tube plates was wasted 
away in consequence, with rapidity ; but turther ex- 
perience proved the injury to be attributable chiefly 
to imperfect fitting, whereby a leakag(i was caused 
that induced oxidation, and when the tubes were 
well fitted any injurious action at the ends of tlic 
tubes was found to cease. 

386. Q. — What is the best mode of constructing 
the chimney and the parts in connection therewith ? 

A. — In sea-going steamers the funnel plates are 
usually about nine feet long and ^\ths thick ; and 
wliere different flues or boilers have their debouch 
in the same chimney, it is expedient to run division 
plates up the chimney for a considerable distance, to 
keep the draughts distinct. The dampers should not 
be in the chimney but at the end of the boiler flue, so 
that they may be available for use if the funnel by 
accident be carried away. The waste steam pipe 
should be of the same height as the funnel so as to 
carry the waste steam clear of it, for if the waste 
steam strikes the funnel it will wear the iron into 
holes ; and the waste steam pipe should be made at the 
bottom with a faucett joint, to prevent the working of 
the funnel, when the vessel rolls, from breaking the 
pij[)e at the neck. There should be two hoops round 
& 2 
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the funnel, for the attachment of the funnel shrouds, 
instead of one, so that the funnel may not be carried 
overboard if one hoop breaks, or if the funnel breaks 
at the upper hoop from the corrosive action of the 
waste steam, as sometimes happens. The deck over 
the steam chest should be formed of an iron plate 
supported by angle iron beams, and there should be a 
high angle iron cooming round the hole in the deck 
through which the chimney ascends, to prevent any 
water upon the deck from leaking down upon the 
boiler. Around the lower part of the funnel there 
should be a sheet iron casing to prevent any incon- 
venient dispersion of heat in that situation, and 
another short piece of casing, of a somewhat larger 
diameter and riveted to the chimney, should descend 
over the first casing, so as to prevent the rain or 
spray which may beat against the chimney from being 
poured down within the casing upon the top of the 
boiler. The pipe for conducting away the wMste 
water from the top of the safety valve should lead 
overboard, and not into the bilge of the ship, as in- 
convenience arises from the steam occasionally passing 
through it, if it has its termination in the engine 
room, 

387. Q. — Are not the chimnies of some vessels 
made so that they may be low^ered when required ? 

— The chimnies of small river vessels which 
have to pass under bridges are generally formed with 
a hinge so that they may be lowered backwards when 
passing under a bridge, and the chimnies of some 
screw vessels are made so as to shut up like a spy- 
glass when the fires are put out and the vessel is 
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navigated under sails. A very good example of this 
species of chimney is that designed by Mr. Tuplin 
and represented in Jig. 34. In smaller vessels, how- 
ever, two lengths of chim- 
ney suffice ; and in that 
case there is a standing 
piece on deck, which, how- 
ever, does not project a- 
bnve. the bulwarks, 

388. Q. — Will you ex- 
plain any further details 
in the construction of ma- 
rine boilers which occur 
to you as important? 

A . — The man-hole and 
mud-hole doors, unless put 
on from the outside like a 
cylinder cover with a great 
number of bolts, should be 
put on from the inside 
T.I..COP. ch.mnev. with cross bars on tlie out- 
side, and the bolts should 
be strong, and have coarse threads and square nuts so 
that the threads may not be overrun, nor the nuts 
become round, by the unskilful manipulations of the 
firemen, by whom these doors are removed or re- 
placed. It is very expedient that sufficient space 
should be left between the furnace and the tubes in 
all tubular boilers to permit a boy to go in to clear 
away any scale that may have formed, and to hold on 
the rivets in the event of repair being wanted ; and it 
is also expedient that a vertical row of tubes should 


Fig. 34 . 
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be left out opposite to each water space to allow the 
ascent of the steam and the descent of the water, as it 
has been found that the removal of the tubes in that 
position, even in a boiler with deficient heating sur- 
face, has increased the production of steam, and dimi 
nished the consumption of fuel. The tubes should all 
be kept in the same vertical line, so as to permit tlic 
introduction of an instrument to scrape them ; but 
they may be zig-zagged in the horizontal line, whereby 
a greater strength of metal will be obtained around 
the holes in the tube plates, and the tubes should not 
be placed too close together, else their heating efficacy 
will be impaired. 

INCRUSTATION AND CORROSION OP BOILERS. 

389. Q. — What is the cause of the formation of 
scale in marine boilers ? 

— Scale is formed in all boilers which contain 
earthy or saline matters, just in tlie way in which a 
scaly deposit, or rock as it is sometimes termed, is 
formed in a tea kettle. In sea water the chief in- 
gredient is common salt, which exists in solution : 
the water admitted to the boiler is taken away in the 
shape of steam, and the saline matter which is not 
vapourisable accumulates in process of time in the 
boiler, until its amount is so great that the water is 
saturated, or unable to hold any more in solution ; the 
salt is then precipitated and forms a deposit whicli 
hardens by heat. The formation of scale, therefore, is 
similar to the process of making salt from sea water by 
evaporation, the boiler being, in fact, a large salt pan. 
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o90. Q , — But is the scale soluble in fresh water 
like the salt in a salt pan ? 

A , — No, it is not ; or if soluble at all, is only so to 
a very limited extent. The several ingredients in 
sea water begin to be precipitated from solution at 
different degrees of concentration ; and the sulphate 
and carbonate of lime, which begin to be precipitat(‘(l 
when a certain state of concentration is reached, 
enter largely into the composition of scale, and givt*. 
it its insoluble character. Pieces of waste or otlier 
similar objects left within a marine boiler appear, 
when taken out, as if they had been petrified ; and the 
scale deposited upon the flues of a marine boiler 
resembles layers of stone. 

391. Q. — Is much inconvenience experienced in 
marine boilers from these incrustations upon the 
flues ? 

A. — Incrustation in boilers at one time caused 
much more perplexity than it does at present, as it 
was supposed that in some seas it was impossible to 
prevent the boilers of a steamer from becoming salted 
up ; but it has now been satisfactorily ascertained 
that there is very little difference in the saltness of 
different seas, and that however salt the water may 
be, the boiler will be preserved from any injurious 
amount of incrustation by blowing off, as it is called, 
very frequently, or by permitting a considerable 
portion of the supersalted water to escape at short 
intervals into the sea. If blowing off be sufficiently 
practised, the scale upon the flues will never be much 
thicker than a sheet of writing paper, and no excuse 
should be accepted from engineers for permitting a 
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boiler to be damaged by the accumulation of cal- 
careous deposit. 

392. Q. — What is the temperature at which sea 
water boils in a steam boiler? 

A. — Sea water contains about ^^rd its weight of 
salt, and in the open air it boils at the temperature of 
213-2°; if the proportion of salt be increased to ^^^rds 
of the weiglit of the water, the boiling point will rise 
to 214*4°; with ^^^rds of salt the boiling point will bo 
215*5°; 2i6*7°; /^rds, 217 9'^ ; 219°; 

•Tj^^rds, 220*2° ; -j^^rds, 221*4°; -j^^rds, 222*5° ; -^^rds, 
223*7°; ^grds, 224*9°; and 3 -|rds, which is the point 
of saturation, 226°. In a steam boiler the boiling 
points of water containing these proportions of salt 
must be higher, as the elevation of temperature duo 
tf) the pressure of the steam has to be added to that 
duo to the saltness of the water : the temperature of 
steam at the atmospheric pressure being 212°, its 
temperature, at a pressure of 15 lbs. per square inch 
above the atmosphere, will be 250°, and adding to 
this 4*7° as the increased temperature due to the 
saltness of the water when it contains ^^rds of salt, 
we have 254*7° as the temperature of the water in the 
boiler, when it contains ^rds of salt and the pressure 
of the steam is 15 lbs. on the square inch. 

393. Q. — What degree of concentration of the 
salt water may be safely permitted in a boiler ? 

A . — It is found by experience that when the con- 
centration of the salt water in a boiler is prevented 
fi*om exceeding that point at which it contains -jy^rds 
its weight of salt, no injurious incrustation will take 
place, and as sea water contains only -y^^rd of its 
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weight of salt, it is clear that it must be reduced by 
evaporation to one-half of its bulk before it can con- 
tain ^^rds of salt ; or, in other words, a boiler must 
blow out into the sea one-half of the water it receives 
as feed, in order to prevent the water from rising 
above ^jrds of concentration, or 8 ounces of salt to 
the gallon. 

394. Q. — How do you determine 8 ounces to the 
gallon to be equivalent to twice the density of salt 
water, or “ two salt waters ns it is sometimes 
called ? 

A, — The density of the water of different seas 
varies somewhat. A gallon of fresh water weighs 
10 lbs. ; a gallon of salt water from the Baltic weighs 
10*15 lbs.; a gallon of salt water from the Irish 
Channel weighs 10 28 lbs.; and a gallon of salt water 
from the Mediterranean 10*29 lbs. If we take an 
average saltness represented by a weight of 10*25 lbs., 
then a gallon of water concentrated to twice this 
saltness will weigh 10*5 lbs., or the salt in it will 
wtfigh *5 lbs. or 8 oz., which is the proportion of 
8 oz. to the gallon. However, the proportion of ^%rds 
gives a greater proportion than 8 oz. to the gallon, 
for nearly, and of 10 1bs. = 10oz. By 

keeping the density of the water in a marine boiler at 
the proportion of 8 or 10 oz. to the gallon, no in- 
convenient amount of scale will be deposited on the 
flues or tubes. The bulk of water, it may be re- 
marked, is not increased by putting salt in it up to 
the point of saturation, but only its density is in- 
creased. 

395, Q, — Is there rot a great loss of heat by blow- 
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ing off so large a proportion of the heated water from 
the boiler ? 

A . — The loss is not very great. Boilers are some- 
times worked at a saltness of ^^rds, and taking this 
saltness and supposing the latent heat of steam to be 
at 1000° at the temperature of 212°, and reckoning 
the sum of the latent and sensible heats as forming a 
constant quantity, the latent heat of steam at the 
temperature of 250® will be 962®, and the total heat 
of the steam will be 1212® in the case of fresh water ; 
but as the feed water is sent into the boiler at the 
temperature of 100°, the accession of heat it receives 
from the fuel will be 1112° in the case of fresh water, 
or 1112° increased by 2*23° in the case of water con- 
taining of salt — 2*23° being the 4*70° increase 

of temperature due to the presence of ^“^^rds of salt, 
multiplied by 0*475, the specific heat of steam. This 
makes the total accession of heat received by the 
steam i^ the boiler equal to 1114*23°, or say 1114°, 
which multiplied by 3, as 3 parts of the water are 
raised into steam, gives us 3342° for the heat in the 
steam, while the accession of heat received in the 
boiler by the 1 part of residual brine will be 154*7°, 
multiplied by 0*85, the specific heat of the brine, or 
130*495°; and 3342° divided by 130*495° is about 
^t^th. It appears, therefore, that by blowing off the 
boiler to such an extent that the saltness shall not 
rise above wliat answers to of salt, about 

of the heat is blown into the sea : this is but a small 
proportion ; and as there will be a greater waste of 
heat, if from the existence of scale upon the flues the 
heat can be only imperfectly transmitted to the water, 
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there cannot be even an economy of fuel in niggard 
blowing off, while it involves the introduction of 
other evils. The proportion of /^rds of saltness, 
however, or 16 oz. to the gallon, is larger than is 
advisable, especially as it is difficult to keep the salt* 
ness at a perfectly uniform point, and the working 
point should, therefore, be -y^rds as before prescribed, 

396. Q, — Have no means been devised for turning 
to account the heat contained in the brine which is 
expelled from the boiler? 

u4. — To save a part of the heat lost by the opera- 
tion of blowing off, the hot brine is sometimes passed 
through a number of small tubes surrounded by the 
feed water ; but there is no very great gain from tlu; 
use of such apparatus, and the tubes are apt to 
become choked up, whereby the safety of the boiler 
may be endangered by the injurious concentration of 
its contents. Pumps, worked by the engine for the 
extraction of the brine, are generally used in con- 
nection with the small tubes for the extraction of the 
heat from the supersalted water ; and if the tubes 
become choked the pumps will cease to eject the 
water, while the engineer may consider them to be all 
the while in operation. 

397. Q. — What is the usual mode of blowing off 
the supersalted water from the boiler ? 

A. — The general mode of blowing off the boiler is 
to allow tiie water to rise gradually for an liour or 
two above the lowest working level, and then to open 
the cock communicating with the sea, and keep it 
open until the surface of the water within tlie boiler 
has fallen several inches ; but in some cases a cock of 



252 


SALT GAUGE OR SALINOMETER. 


smaller size is allowed to run water continuously, and 
in other cases brine pumps are used as ali eady men- 
tioned. In every case in which the supersalted 
water is discharged from the boiler in a continuous 
stream, a hydrometer or salt gauge of some conve- 
nient construction should be applied to the boiler, so 
that the density of the water may at all times be 
visible, and immediate notice be given of any inter- 
ruption of the operation. Various contrivances have 
been devised for this purpose, the most of which 
operate on the principle of a hydrometer; but perhaps 
a more satisfactory principle would be that of a dif- 
ferential steam gauge, which would indicate the 
difference of pressure between the steam in the boiler 
and the steam of a small quantity of fresh water en- 
closed in a suitable vessel, and immerged in the water 
of the boiler. 

398. Q. — What is the advantage of blowing off 
from the surface of the water in the boiler ? 

A. — Blowing off from a point near the surface of 
the water is more beneficial than blowing off from 
the bottom of the boiler. Solid particles of any 
kind, it is w^ell known, if introduced into boiling 
water, will lower the boiling point in a slight degree, 
and the steam will chiefly be generated on the surface 
of the particles, and indeed will have the appearance 
of coming out of them ; if the particles be small the 
steam generated beneath and around them will bal- 
loon them to the surface of the water, where the 
steam will be liberated and the particles will descend; 
and the impalpable particles in a marine boiler, 
which by their subsidence upon the flues concrete 
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into scale, are carried in the first instance to tlie 
surface of the water, so that if they be caught there 
and ejected from the boiler the formation of scale will 
be prevented. 

399. Q. — Are there any plans in operation for 
taking advantage of this property of particles rising 
to the surface ? 

A, — Advantage is taken of this property in Lamb’s 
Scale Preventer, which is substantially a contrivance 
for blowing off from the surface of the water that in 
practice is found to be very effectual ; but a float in 
connection with a valve at the mouth of the dis- 
charging pipe is there introduced, so as to regulate 
the quantity of water blown out by the height of the 
water level, or by the extent of opening given to the 
feed cock. The operation, however, of the contrivance 
would be much the same if the float were dispensed 
with ; but the float acts advantageously in hindering 
the water from rising too high in the boiler, should 
too much feed be admitted, and thereby obviates the 
risk of the water running over into the cylinder. In 
some boilers sheet iron vessels, called sediment col- 
lectors, are employed, which collect into them the im- 
palpable matter, which in Lamb’s apparatus is ejected 
from the boiler at once. One of these vessels, of 
about the size and shape of a loaf of sugar, is put 
into each boiler with the apex of the cone turned 
downwards into a pipe leading overboard, for conduct- 
ing the sediment away from the boiler. The base of 
the cone stands some distance above the water line, 
and in its sides conical slits are cut, so as to establish 
a free communication between the water within the 
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conical vessel and the water outside it. The particles 
of stony matter which are ballooned to the surface by 
the steam in every other part of the boiler, subside 
within the cone, where, no steam being generated, the 
water is consequently tranquil ; and the deposit is dis- 
charged overboard by means of a pipe communicating 
with the sea. blowing off from the surface of the 
water, the requisite cleansing action is obtained with 
less waste of heat ; and wliere the water is muddy, the 
loam upon the surface of the water is ejected from the 
boiler — thereby removing one of the chief causes of 
priming. 

400. Q. — What is the cause of the rapid corrosion 
of marine boilers ? 

A, — Marine boilers arc corroded externally in the 
region of the steam chest by the dripping of water from 
the deck ; the bottom of the boiler is corroded by the 
action of- the bilge water, and the ash pits by the 
practice of quenching the ashes with salt water. These 
sources of injury, however, admit of easy remedy : the 
top of the boiler may be preserved from external cor- 
rosion by covering it with felt upon which is laid 
sheet lead soldered at every joint so as to be im- 
f>enetrable to water ; the ash pits may be shielded by 
guard plates which are plates fitting into the ash pits 
and attached to the boiler by a few bolts, so that 
when worn they may be removed and new ones sub- 
stituted, whereby any wear upon the boiler in that 
part will be prevented ; and there will be very little 
wear upon the bottom of a boiler if it be imbedded in 
mastic cement laid upon a suitable platform. 
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401. Q. — Are not marine boilers subject to in- 
tern al corrosion ? 

A, — Yes ; the greatest part of the corrosion of a 
boiler takes place in tlie inside of the steam chest, and 
the origin of this corrosion is one of the obscurest 
subjects in the whole range of engineering. It cannot 
bo from the chemical action of the salt water upon the 
iron, for the flues and other parts of the boiler 
beneath the water sulTer very little from corrosion, 
and in steam vessels provided with IlaH's condensers, 
which supply the boiler with fresh water, not much 
increased durability of the boiler has been experienced. 
Nevertheless, marine boilers seldom last more than for 
5 or 6 years, whereas land boilers made of the same 
(luality of iron often last 18 or 20 years, and it does 
not appear probable that land boilers would last a 
very much shorter time if salt water were used in 
them. The thin film of scale spread over the parts of 
a marine boiler situated beneath the water, efiectually 
protect them from corrosion ; and when the other 
parts are completely worn out the flues generally 
remain so perfect, that the hammer marks upon them 
are as conspicuous as at their first formation. The 
of)eration of the steam in corroding the interior of the 
boiler is most capricious — the parts which are most 
rapidly w^orn away in one boiler being untouched in 
another ; and in some cases one side of a steam chest 
will be very much wasted away while the opposite 
side remains uninjured. Sometimes the iron ex- 
foliates in the shape of a black oxide which comes 
away in flakes like the leaves of a book, while in 
other cases the iron appears as if eaten away by a 
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Strong acid which had a solvent action upon it. The 
application of felt to the outside of a boiler, has in 
several cases been found to accelerate sensibly its in- 
ternal corrosion ; boilers in which there is a large ac- 
cumulation of scale appear to be more corroded than 
where there is no such deposit ; and where the funnel 
passes through the steam chest the iron of the steam 
chest is invariably much more corroded than where 
the funnel does not pass through it. 

402. Q . — Can you suggest no reason for the rapid 
internal corrosion of marine boilers ? 

A, — The facts which I have enumerated appear 
to indicate that the internal corrosion of marine 
boilers is attributable chiefly to the existence of sur- 
charged steam within them, which is steam to which 
an additional quantity of heat has been communicated 
subsequently to its generation, so that its temperature 
is greater than is due to its elastic force ; and on this 
hypothesis the observed facts relative to corrosion 
become to some extent explicable. Felt, applied to 
the outside of a boiler, may accelerate its internal 
corrosion by keeping the steam in a surcharged state, 
when by the dispersion of a part of the heat it would 
cease to be in that state ; boilers in which there is a 
large accumulation of scale mnst have worked with 
the water very salt, which necessarily produces sur- 
charged steam ; for the temperature of steam cannot 
be less than that of the water from which it is gene- 
rated, and inasmuch as the boiling point of water, 
under any given pressure, rises witli the saltness of 
the water, the temperature of the steam must rise with 
the saltness of the water, the pressure remaining the. 
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same ; or, in other words, the steam must have a 
higher temperature than is due to its elastic force, or 
be in the state of surcharged steam. The circum- 
stance of the chimney flue passing through the steam 
will manifestly surcharge the steam with heat, so that 
all the circumstances which are found to accelerate 
corrosion, are it appears such as would also induce 
the formation of surcharged steam. 

403. Q. — Is it the natural effect of surcharged 
Bteam to waste away iron? 

A. — It is the natural effect of surcharged steam to 
oxidate the iron with which it is in contact, as is 
illustrated by the familiar process for making hydro- 
gen gas by sending steam through a red hot tube filled 
with pieces of iron ; and although the action of the 
surcharged steam in a boiler is necessarily very much 
weaker than where the iron is red hot, it manifestly 
must have so?ne oxidising effect, and the amount of 
corrosion produced may be very material where the 
action is perpetual. Boilers with a large extent of 
heating surface, or with descending flues circulating 
through the cooler water in the bottom of the boih'r 
before ascending the chimney, will be less corroded 
internally than boilers in which a large quantity of 
the heat passes away in the smoke ; and the corrosion 
of the boiler will be diminished if the interior of any 
flue passing through the steam be coated with fire 
brick, so as to prevent the transmission of the heat in 
that situation. The best practice, however, appears 
to consist in the transmission of the smoke through a 
suitable passage on the outside of the boiler, so as to 
supersede the necessity of carrying any flue through 
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the steam at all ; or a column of water may be carried 
round the chimney, into which as much of the feed 
water may be introduced as the heat of the chimney 
is capable of raising to the boiling point.* 

404. Q. — In steam vessels there are usually several 
boilers ? 

A. — Yes, in steam vessels of considerable power 
and size. 

405. Q. — Are these boilers generally so con- 
structed, that any one of them may be thrown out 
of use ? 

A» — Marine boilers are now generally supplied 
with stop valves, whereby one boiler may be thrown 
out of use without impairing the efficacy of the 
remainder. These stop valves are usually spindle 
valves of large size, and they are for tlie most part 
set in a pipe which runs across the steam chests, con- 
necting the several boilers together. The spindles of 
these valves should project through stuffing boxes in 
the covers ot the valve chests, and they should be 
balanced by a weighted lever, and kept in continual 
action by the steam. If the valves be lifted up, and 
be suffered to remain up, as is the usual practice, 
they will become fixed by corrosion in that position, 
and it will be impossible after some time to shut 
them on an emergency. These valves should always 
be easily accessible from the engine room ; and it 
ought not to be necessary for the coal boxes to be 
empty to gain access to them. 

* Since these recommendations were first given, the plan of 
carrying the chimney through the steam has been almost uni- 
versally discontinuc(L 
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406. Q. — Should each boiler have at least one 
safety valve for itself ? 

A, — Yes ; it would be quite unsafe without this 
provision, as the stop valve might possibly jam. 
Sometimes valves jam from a distortion in the shape 
of the boiler when a considerable pressure is put 
upon it. 

407. Q. — How is the admission of the water into 
the boiler regulated ? 

A . — The admission of feed water into the boiler is 
regulated by hand by the engineer by means of cocks, 
and sometimes by spindle valves raised and lowered 
by a screw. Cocks appear to be the preferable ex- 
pedient, as they are less liable to accident or derange- 
ment than screw valves, and in modern steam vessels 
they are generally employed. 

408. Q. — At what point of the boiler is the feed 
introduced? 

A , — The feed water is usually conducted from the 
feed cock to a point near the bottom of the boiler by 
means of an internal pipe, tlic object of this arrange- 
ment being to prevent the rising steam from being 
condensed by the entering water. By being intro- 
duced near the bottom of the boiler, the water comes 
into contact in the first place with the bottoms of the 
furnaces and flues, and extracts heat from their, 
which could not be extracted by water of a higher 
temperature, whereby a saving of fuel is accomplished. 
In some cases the feed water is introduced into a 
casing around the chimney, from whence it descends 
into the boiler. This plan appears to be an expedient 
one when the boiler is short of heating surface, and 
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more than a usual quantity of heat ascends the 
chimney ; but in well proportioned boilers a water 
casing round the chimney is superfluous. When a 
water casing is used the boiler is generally fed by a 
head of water, the feed water being forced up into a 
small tank, from whence it descends into the boiler 
by the force of gravit}’', while the surplus runs to 
waste, as in the feeding apparatus of land engines. 

409. Q. — Suppose that the engineer should shut 
off the feed water from the boilers while the engine 
was working, what would be the result? 

A. — The result would be to burst the feed pipes, 
except for a safety valve placed on the feed pipe 
between the engine and the boilers, which safety 
valve opens when any undue pressure comes upon 
the pipes, and allows the water to escape. There is, 
however, generally a cock on the suction side of the 
feed pump, which regulates the quantity of water 
drawn into the pump. But there must be cocks on 
the boilers also to determine into which boiler tlie 
water shall be chiefly discharged, and these cocks are 
sometimes all shut accidentally at the same time. 

410. Q, — Is there no expedient in use in steam 
vessels for enabling the position of the water level in 
the boiler to determine the quantity of feed water 
admitted ? 

A. — In some steam vessels floats have been in- 
troduced to regulate the feed, but their action cannot 
be depended on in agitated water, if applied after the 
common fashion. Floats would probably answer if 
placed in a cylinder which communicates with the 
water in the boiler by means of small holes ; and a 
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disc of metal might be attached to the end of a rod 
extending beneath the water level, so as to resist 
irregular movements from the motion of the ship at 
sea, which would otherwise impair the action of the 
apparatus. 

411. Q. — How is the proper level of the water in 
the boiler of a steam vessel maintained when the 
engine is stopped for some time, and the boiler is 
blowing off steam ? 

A. — By means of a separate pump worked some- 
times by hand, but usually by a small separate engine 
called the Donkey engine. This pump, by the aid of 
suitable cocks, will pump from the sea into the boiler ; 
from the sea upon deck, cither to wash decks or to 
extinguish fire; and from the bilge overboard, through 
a suitable orifice in the side of the ship. 


LOCOMOTIVE BOILERS. 

412. Q - — Will you recapitulate the general features 
of locomotive boilers ? 

A , — Locomotive boilers consist of three portions — 
the barrel containing the tubes, the fire box, and tlie 
smoke box; of which the barrel, smoke box, and ex 
ternal fire box are always of iron, but the internal 
fire box is generally made of copper, though some- 
times also it is made of iron. Tho tubes are some- 
times of iron, but generally of brass fixed in by 
ferules. The whole of the iron plates of a locomotive 
boiler which are subjected to the pressure of steam, 
should be Lowrnoor or Bowling plates of the best 
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quality; and the copper should be coarse grained, 
rather than rich or soft, and be perfectly free from 
irregularities of structure and lamination. 

413. Q. — What are the usual dimensions of the 
barrel ? 

A, — The thickness of the plates composing the 
barrel of the boiler varies generally from i^ths to 
fths of an inch, and the plates should run in the 
direction of the circumference, so that the fibres of 
the iron may be in the direction of the strain. The 
diameter of the barrel commonly varies from 3 ft. to 
3 ft. 6 inches ; the diameter of the rivets should be 
from l^^ths to fths of an inch, and the pitch of the 
rivets or distance between their centres should be 
from yths to 2 inches. 

414. Q. — How are the fire boxes of a locomotive 
const; icted? 

A, — The space between the external and internal 
fire boxes forms a water space, which must be stayed 
every 4^ or 5 inches by means of copper or iron stay 
bolts, screwed through the outer fire box into the metal 
of the inner fire box, and securely riveted within it ; 
iron stay bolts are as durable as copper, and their 
superior tenacity gives them an advantage. Some- 
times tubes are employed as stays. The internal and 
external fire boxes are joined together at the bottom 
by a N shaped iron, and round the fire door they are 
connected by means of a copper ring J J in. thick, 
find 2 in. broad, — the inner fire box being dished 
sufficiently outwards at that point, and the outer fire 
box sufficiently inwards, to enable a circle of rivets 
5 of an inch in diameter passing through the copper 
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ring and the two thicknesses of iron, to make a 
watertight joint. The thickness of the plates com- 
posing the external fire box is in general |ths of an 
inch if the fire box is circular, and from fths to I 
inch if the firebox is square; and the thickness of 
the internal fire box is in most cases copper, 

and from fths to /^ths of an inch if of iron. Circular 
internal fire boxes, if made of iron, should be welded 
rather than riveted, as the rivet heads are liable to 
be burnt away by the action of the fire ; and when 
the fire boxes are square each side should consist of 
a single plate, turned over at the edges with a radius 
of 3 inches, for the introduction of the rivets. 

415. Q. — Is there any provision for stiffening the 
crown of the furnace in a locomotive ? 

A. — The roof of the internal fire box, whether 
flat as in Stephenson’s engines, or dome shaped as in 
Bury’s, requires to be stiffened with cross stay bars, 
but the bars require to be stronger and more numerous 
when applied to a flat surface. The ends of these 
stay bars rest above the vertical sides of the fire box ; 
and to the stay bars thus extending across the crown, 
the crown is attached at intervals by means of stay 
holts. There are projecting bosses upon the stay 
bars encircling the bolts at every point where a bolt 
goes through, but in the oiher parts they are kept 
clear of the fire box crown so as to permit the access 
of water to the metal ; and, with the view of facili- 
tating the ascent of the steam, the bottom of each stay 
bar should be sharpened away in those parts where it 
does not touch the boiler. 
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416. Q. — Is any inconvenience experienced from 
the intense heat in a locomotive furnace ? 

Jl , — The fire bars in locomotives have always been 
a source of trouble, as from the intensity of the heat 
in the furnace they beconie so hot as to throw off a 
scale, and to bend under the weight of the fuel. The 
best alleviation of these evils lies in making the bars 
deep and thin : 4 or 5 inches deep by five-eighths of an 
inch thick on the upper side, and three-eighths of an 
inch on the under side, are found in practice to be 
good dimensions. In some locomotives a frame 
carrying a number of fire bars is made so that it may 
be dropped suddenly by loosening a catch ; but it is 
found that any such mechanism can rarely be long 
kept in working order, as the molten clinker by run- 
ning down between the frame and the boiler will 
generally glue the frame into its place. It is there- 
fore found preferable to fix the frame, and to lift up 
the bars by the dart used by the stoker, when any 
cause requires the fire to be withdrawn. The furnace 
bars of locomotives are always made of malleable iron, 
and indeed for every species of boiler malleable iron 
bars are to be preferred to bars of cast iron, as they 
are more durable, and may if thin be set closer together, 
whereby the small coal or coke is saved that would 
otherwise fall into the ash pit. The ash box of loco- 
motives is made of plate iron a quarter thick: it 
should not be less than 10 in. deep, and its bottom 
should be about 9 in. above the level of the rails. 
The chimney of a locomotive is made of plate iron 
one-eighth of an inch thick : it is usually of the same 
diameter as the cylinder, but is better smaller, and 
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must not stand more than 14 ft. high above the level 
of the rails. 

417, Q. — Are locomotive boilers provided with a 
steam chest ? 

A , — The upper portion of the external fire box is 
usually formed into a steam chest, which is sometimes 
dome shaped, sometimes semicircular, and sometimes 
of a pyramidical form, and from this steam chest the 
steam is conducted away by an internal pipe to the 
cylinders ; but in other cases an independent steam 
chest is set upon the barrel of the boiler, consisting 
of a plate iron cylinder, 20 inches in diameter, 2 feet 
high, and three-eighths of an inch thick, with a dome 
shaped top, and with the seam welded and the edge 
turned over to form a flange of attachment to the 
boiler. The pyramidical dome, of the form employed 
in Stephenson's locomotives, presents a considerable 
extent of fiat surface to the pressure of the steam, and 
this flat surface requires to be very strongly stayed 
with angle irons and tension rods ; whereas the serai- 
globular dome of the kind employed in Bury’s engines 
requires no staying whatever. Latterly, however, 
these domes over the fire box have been either much 
reduced in size or abandoned altogether, 

418. Q. — Is any beneficial use made of the surplus 
steam of a locomotive ? 

A , — To save the steam which is formed when the 
engine is stationary, a pipe is usually fitted to the 
boiler, which on a cock being turned conducts the 
steam into the water in the tender, whereby the feed 
w'ater is heated, and less fuel is subsequently required. 
This method of disposing of the surplus steam may be 
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adopted when the locomotive is descending inclines, 
or on any occasion where more steam is produced than 
the engine can consume. 

419. Q. — What means are provided to facilitate 
the inspection and cleaning of locomotive boilers ? 

A . — The man hole, or entrance into the boiler, 
consists of a circular or oval aperture, of about 15 in. 
diameter, placed in Bury’s locomotive at the apex of 
the dome, and in Stephenson’s upon the front of the 
boiler, a few inches below the level of the rounded 
part ; and the cover of the man hole in Burj’s engine 
contains the safety valve seats. In whatever situa- 
tion this man hole is placed, the surfaces of the ring 
encircling the hole, and of the internal part of the 
door or cover, should be accurately fitted together by 
scraping or grinding, so that they need only the inter* 
position of a little red lead to make them quite tight 
when screwed together. Lead or canvass joints if of 
any considerable thickness will not long withstand the 
action of high pressure steam ; and the whole of the 
joints about a locomotive should be such that they re- 
quire nothing more than a little paint or putty, or a 
ring of wire gauze smeared with white or red lead to 
make them perfectly tight. There must be a mud 
hole opposite the edge of each water space, if the fire 
box be square, to enable the boiler to be easily cleaned 
out, and these lioles are most safely closed by doors 
put on from the inside. A cock for emptying the 
boiler is usually fixed at the bottom of the fire box, 
and it should be so placed as to be accessible when 
the engine is at work, in order that the engine 
driver may blow off some water if necessary ; 



TUBES, TUBE PLATES, AND FERULES. 267 

but it must not be in such a position as to send tlie 
water blown off among the machinery, as it might 
carry sand or grit into the bearings, to their manifest 
injury. 

420. Q. — Will you state the dimensions of the 
tube plate and the means of securing the tubes in it? 

A. — The tube plates are generally made from five- 
eighths to three-fourths of an inch thick, but seven- 
eighths of an inch thick appears to be preferable, as 
when the plate is thick the holes will not be so liable 
to change their figure during the process of feruling 
the tubes : the distance between the tubes should 
never be made less than three-fourths of an inch, and 
the holes should be slightly tapered so as to enable 
the tubes to hold the tube plates together. The tubes 
are secured in the tube plates by means of taper 
ferules driven into the ends of the tubes. The fe- 
rules are for the most part made of steel at the fire 
box end, and of wrought iron at the smoke box end, 
though ferules of malleable cast iron have in some 
cases been used with advantage : malleable cast iron 
ferules are almost as easily expanded when hammered 
cold upon a mandril, as the common wrought iron 
ones are at a working heat. Spring steel, rolled with 
a feather edge, to facilitate its conversion into fe- 
rules, is supplied by some of the steel-makers of Shef- 
field, and it appears expedient to make use of steel 
thus prepared when steel ferules are employed. In 
cases where ferules are not employed, it may be ad- 
visable to set out the tube behind the tube plate by 
means of an expanding mandril. There are various 
forms of this instrument. One form is that known as 
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Ptomr'a expanding mandri/, in which there are six 
or fflght segments, which are forced out by means of 
a hexagonal or octagonal wedge, which is forced for- 
ward by a screw. When the wedge is withdrawn, 
the segments collapse sufficiently to enable them to 
enter the tube, and there is an annular protuberance 
on the exterior circle of the segments, which pro- 
tuberance, when the mandril is put into the tube, just 
comes behind the inner edge of the tube plate. When 
the wedge is tightened up by the screw, the protuber- 
ance on the exterior of the segments composing the 
mandril causes a corresponding bulge to take place in. 
the tube, at the back of the tube plate, and the tube is 
thereby brought into more intimate contact with the 
tube plate than would otherwise be the case. There 
is a steel ring indented into the segments of Prosser^s 
mandril, to contract the segments when the central 
tvedgc is withdrawn. A more convenient form of the 
instrument, however, is obtained by placing the 
segments in a circular box, with one end projecting ; 
and supporting each segment in the box by a tenon, 
which lits into a mortice in the cylindrical box. To 
expand the segments, a round tapered piece of steel, 
like a drift, is forced into a central hole, round which 
tlie segments are arranged. A piece of steel tube, 
also slit up to enable a central drift to expand it, 
answers very well ; but the thickness of that part of the 
tube in which there requires to be spring enough to 
let the mandril expand, requires to be sufficiently re- 
duced to prevent the pieces from cracking when the 
central drift is driven in by a hammer. The drift is 
better when made with a globular head, so that it may 
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be struck back by the hammer, as well as be driven 
in. An expanding mandril, with a central drift, is 
more rapid in its operation than when the expansion 
is produced by means of a screw. 

421. Q. — Will you explain the means that are 
adopted to regulate the admission of steam to the 
cylinders ? 

A, — In locomotives, the admission of the steam 
from the boiler to the cylinders is regulated by a valve 
called the regulator, which is generally placed imme- 
diately above the internal fire box, and is connected 
with two copper pipes ; — one conducting steam from 
the highest point of the dome down to it, and the 
other conducting the steam that has passed through it 
along the boiler to the upper part of the smoke box. 
Regulators may be divided into two sorts, viz., those 
with sliding valves and steam ports, and those with 
conical valves and seats, of which the latter kind are 
the best. The former kind have for the most part 
consisted of a circular valve and face, with radial 
apertures, the valve resembling the outstretched wings 
of a butterfly, and being made to revolve on its cen- 
tral pivot by connecting links between its outer edges, 
or by its central spindle. In some of Stephenson’s 
engines the regulator consists of a slide valve cover- 
ing a port on the top of the valve chests. A rod 
passes from this valve through the smoke box below 
the boiler, and by means of a lever parallel to the 
starting lever, is brought up to the engineer’s reach. 
Cocks were at first used as regulators, but were given 
up, as they were found liable to stick fast. A gridiron 
slide valve has been used by Stephenson, which con- 
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sists of a perforated square moving upon a face with 
an equal number of holes. This plan of a valve gives, 
with a small movement, a large area of opening. In 
Bury's engines a sort of conical plug is used, which is 
withdrawn by turning the handle in front of the fire 
box ; a spiral grove of very large pitch is made in the 
valve spindle, in which fits a pin fixed to the boiler, 
and by turning the spindle an end motion is given to 
it, which either shuts or opens the steam passage 
according to the direction in which it is turned. The 
best regulator would probably be a valve of the equi- 
librium description, such as is used in the Cornish 
engine : there would be no friction in such a regu- 
lator, and it could be opened or shut with a small 
amount of force. Such valves, indeed, are now some- 
times employed for regulators in locomotives. 
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CONSTRUCTIVE DETAILS OP ENGINES. 


PUMPING ENGINES. 

422. Q. — Will you explain the course of procedure 
in the erection of a pumping engine, such as Boulton 
and Watt introduced into Cornwall ? 

A . — The best instructions on this subject are those 
of Mr. Watt himself, which are as follows : — Having 
fixed on the proper situation of the pump in the pit, 
from its centre measure out the distance to the centre 
of the cylinder, from which set ofi* all the other dimen- 
sions of the house, including the thickness of the walls, 
and dig out the whole of the included ground to the 
depth of the bottom of the cellar, so that the bottom 
of the cylinder may stand on a level with the natural 
ground of the place, or lower if convenient, for the 
less the height of the house above the ground, the 
firmer it will be. The foundations of the walls must 
be laid at least two feet lower than the bottom of the 
cellar, unless the foundation be firm rock ; and care 
must be taken to leave a small drain into the pit quite 
through the lowest part of the foundation of the lever 
wall, to let off any water that may be spilt in the 
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engine house, or may naturally come into the cellar 
If the foundation at that depth does not prove good, 
you must either go down to a better if in your reach, 
or make it good by a platform of wood or piles, or 
both. 

423. Q. — These directions refer to the founda- 
tions ? 

A. — Yes; but I will now proceed to the other 
parts. Within the house, low’ walls must be built to 
carry the cylinder beams, so as to leave sufficient 
room to come at the holding down bolts, and the ends 
of these beams must also be lodged in the wall. The 
lever wall must be built in the firmest manner, and 
run solid, course by course, with thin lime mortar 
care being taken that the lime has not been long 
slaked. If the house be built of stone, let the stones 
be large and long, and let many headers be laid through 
the wall : it should also be a rule, that every stone be 
laid on the broadest bed it has, and never set on its 
edge- A course or two above the lintel of the door 
that leads to the condenser, build into the wall two 
parallel flat thin bars of iron equally distant from each 
other, and from the outside and inside of the wall, 
and reaching the whole breadth of the lever wall. 
About a foot higher in the wall, lay at every four feet 
of the breadth of the front, other bars of the same 
kind at right angles to the former course, and reach- 
ing quite through the thickness of the wall ; and at 
each front corner lay a long bar in the middle of the 
side walls, and reaching quite through the front wall ; 
if these bars are 10 feet or 12 feet long it will be suf- 
ficient. When the house is built up nearly to the 
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bottom of the opening under the great beam, another 
double course of bars is to be built in, as has been 
directed. At the level of the upper cylinder beams, 
holes must be left in the walls for their ends, with 
room to move them laterally, so that the cylinder may 
be got in; and smaller holes must be left quite through 
the walls for the introduction of iron bars, which 
being iirmly fastened to the cylinder beams at one 
end, and screw’ed at the other or outer end, will serve, 
by their going through both the front and back walls, 
to bind tlie house more firmly together. The spring 
beams or iron bars fastened to them must reach quite 
through the back wall, and be keyed or screwed up 
tight ; and they must be firmly fastened to the lever 
wall on each side, either by iron bars, firm pieces oi 
wood, or long strong stones, reaching far back into 
the wall. They must also be bedded solidly, and tlie 
residue of the opening must be built up in the firmest 
manner. 

424. Q. — If there be a deficiency of water for the 
purpose of condensation, what course should be pui 
sued ? 

A. — If there be no water in the neighbourhood 
that can be employed for the purpose of condensation, 
it will be necessary to make a pond, dug in the earth, 
for the reception of the water delivered by the air 
pump, to the end that it may be cooled and used again 
for the engine. The pond may be three or four feet 
deep, and lined with turf, puddled, or otherwise made 
water tight. Throwing up the water into the air 
in the form of a jet to cool it, has been found detri- 
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mental ; as the water is then charged with air which 
vitiates the vacuum. 

425. Q. — How is the piston of a pumping engine 
packed ? 

A. — To pack the piston, take sixty common -sized 
white or untarred rope-yarns, and with them plait a 
gasket or flat rope as close and firm as possible, taper- 
ing for eighteen inches at each end, and long enough 
to go round the piston, and overlapped for that length ; 
coil this rope the thin way as hard as possible, and 
beat it with a sledge hammer until its breadtli answers 
the place ; put it in and beat it down with a wooden 
drift and a hand mallet, pour some melted tallow all 
around, then pack in a layer of white oakum half an 
inch thick, so that the whole packing may have the 
depth of five to six inches, depending on the size of 
the engine; finally, screw down the junk ring. The 
packing should be beat solid, but not too hard, other- 
wise it will create so great a friction as to prevent the 
easy going of tli« engine. Abundance of tallow should 
be allowed, especially at first ; the quantity required 
will be less as the cylinder grows smooth. In some 
of the more modern pumping engines, the piston is 
provided with metallic packing, consisting for the 
most part of a single ring with a tongue piece to 
break the joint, and packed behind with hemp. The 
upper edge of the metallic ring is sharpened away 
from the inside so as to permit more conveniently the 
application of hemp packing behind it ; and the junk 
ring is made much the same as if no metallic packing 
were employed. 
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426. Q. — Will you explain the inode of putting 
the engine into operation ? 

A. — To set the engine going, the steam must be 
raised until the pressure in the steam pipe is at least 
equal to three pounds on the square inch ; and when 
the cylinder jacket is fully warmed, and steam issues 
IVeely from the jacket cock, open all the valves or 
regulators ; the steam will then forcibly blow out the 
air or water contained in the eduction pipe, and to get 
rid of the air in the cylinder, shut the steam valve 
after having blown through the engine for a few 
minutes. The cold water round the condenser will 
condense some of the steam contained in the eduction 
})ipe, and its place will be supplied by some of the air 
from the cylinder. The steam valve must again be 
opened to blow out that air, and the operation is to bo 
repeated until the air is all drawn out of the cylinder. 
When that is the case shut all the valves, and observe 
if the vacuum gauge shows a vacuum in the con- 
denser ; when there is a vacuum equivalent to three 
inches of mercury, open the injection a very little, and 
shut it again immediately ; and if this produces any 
considerable vacuum, open the exhausting valve a 
very little way, and the injection at the same time. 
If the engine docs not now commence its motion, it 
must be blown through again until it moves. If the 
engine be lightly loaded, or if there be no water in 
the pumps, the throttle valve must be kept nearly 
closed, and the top and exhaustion regulators must be 
opened only a very little way, else the engine will 
make its stroke with violence, and perhaps do mis- 
chief. If there is much unbalanced w^eight on the 
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pump end, the plug which opens the steam valve must 
be so regulated, that the valve will only be opened 
very slightly ; and if after a few strokes it is found 
that the engine goes out too slowly, the valve may 
be then so adjusted as to open wider. The engine 
should always be made to work full stroke, that is, 
until the catch pins be made to come within half an 
inch of the springs at each end, and the piston should 
stand high enough in the cylinder when the engine is 
at rest, to spill over into the perpendicular steam pipe 
any water which may be condensed above it ; for if 
water remain upon the piston, it will increase the con- 
sumption of steam. When the engine is to be stopped, 
shut the injection valve and secure it, and adjust the 
tappets so as to prevent the exhausting valve from 
opening and to allow the steam valve to open and 
remain open, otherwise a partial vacuum may arise in 
the cylinder, and it may be filled with water from the 
injection or from leaks. A single acting engine, when 
it is in good order, ought to be capable of going as 
slow as one stroke in ten minutes, and as fast as ten 
strokes in one minute ; and if it does not fulfil these 
conditions, there is some fault which should be ascer- 
tained and remedied. 

427. Q. — Your explanation has reference to the 
pumping engine as introduced into Cornwall by Watt; 
have any modifications been since made upon it ? 

A. — In the modern Cornish engines the steam is 
used very expansively, and a high pressure of steam 
is employed. In some cases a double cylinder engine 
is used, in which the steam, after having given motion 
to a small piston on the principle of a high pressure 
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engine, passes into a larger cylinder, where it operates 
on the principle of a condensing engine ; but there is 
no superior effect gained by the use of two cylinders, 
and there is greater complexity in the apparatus. In- 
stead of the lever walls, cast iron columns are now 
frequently used for supporting the main beam in 
pumping engines, and the cylinder end of the main 
beam is generally made longer than the pump end in 
engines made in Cornwall, so as to enable the cylinder 
to have a long stroke, and the piston to move quickly, 
without communicating such a velocity to the pump 
buckets as will make them work with such a shock as 
to wear themselves out quickly. A high pressure of 
steam, too, can be employed where the stroke is long, 
without involving the necessity of making the working 
parts of such large dimensions as would otherwise be 
necessary ; for the strength of the parts of a single 
acting engine will require to be much the same, what- 
ever the length of the stroke may be. 

428. Q. — What kind of pump is mostly used in 
draining deep mines ? 

A , — The pump now universally preferred is the 
plunger pump, which admits of being packed or 
tightened while the engine is at work ; but the lowest 
lift of a mine is generally supplied with a pump on 
the suction principle, both with the view of enabling 
the lowest pipe to follow the water with facility as 
the shaft is sunk deeper, and to obviate the inconve- 
nience of the valves of the pump being rendered in- 
accessible by any flooding in the mine. The pump 
valves of deep mines are a perpetual source of expense 
and trouble, as from the pressure of water upon them 
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it is difficult to prevent them from closing with vio- 
lence ; and many expedients have been contrived to 
mitigate the evil, of which the valve known as Harvey 
and West’s valve has perhaps gained the widest ac- 
ceptation. 

429. Q. — Will you describe Harvey and West's 
pump valve? 

A, — This valve is a compromise between the equi- 
librium valve, of the kind employed for admitting the 
steam to and from the cylinder in single acting en- 
gines, and the common spindle valve formerly used 
for that purpose ; and to comprehend its action, it is 
necessary that the action of the equilibrium valve, 
which has been already represented in Jig. 27., should 
first be understood. This valve consists substantially 
of a cylinder open at both ends, and capable of sliding 
upon a stationary piston fixed upon a roddhe length 
of the cylinder, which proceeds from the centre of the 
orifice the valve is intended to close. It is clear, that 
when the cylinder is pressed down until its edge rests 
upon the bottom of the box containing it, the orifice 
of the pipe must be closed, as the steam can neither 
escape past the edge of the cylinder nor between the 
cylinder and the piston ; and it is equally clear, that 
as the pressure upon the cylinder is equal all around 
it, and the whole of the downward pressure is main- 
tained by the stationary piston, the cylinder can be 
raised or lowered without any further exertion of 
force than is necessary to overcome the friction of the 
piston and of the rod by which the cylinder is raised. 
Instead of the rubbing surface of a piston, however, a 
conical valve face between the cylinder and piston is 
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employed, which is tight only when the cylinder is in 
its lowest position; and there is a similar face between 
the edge of the cylinder and the bottom of the box in 
which it is placed. The moving part of the valve, 
too, instead of being a perfect cylinder, is bulged 
outwards in the middle, so as to permit the steam to 
escape past the stationary piston when the cylindrical 
part of tlie valve is raised. It is clear, that if such a 
valve were applied to a pump, no pressure of water 
within the pump would suflice to open it, neither 
would any pressure of water above the valve cause it 
to shut with violence ; and if an equilibrium valve, 
therefore, be used as a pump valve at all, it must be 
opened and shut by mechanical means. In Harvey 
and West’s valves, however, tho equilibrium principle 
is only partially adopted ; the lower face is consider- 
ably larger in diameter than the upper face, and tho 
difference constitutes an annulus of pressure, which 
will cause the valve to open or shut with the same 
force as a spindle valve of the area of the annulus. 
To deaden the shock still more effectually, the lowei 
face of the valve is made to strike upon end wood 
driven into an annular recess in the pump bucket ; 
and valves thus constructed work with very little 
noise or tremor ; but it is found in practice, that the 
use of Harvey and West’s valve, or any contrivance 
of a similar kind, adds materially to the load upon the 
pump, especially in low lifts where the addition of a 
load to the valve makes a material addition to the 
total resistance which the engine has to overcome. 
Instead of end wood driven into a recess for the valve 
to strike upon, a mixture of tin and lead cast in a 
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recess is now frequently used, and is found to be pre 
ferable to the wood. 

430. Q. — Is there any other kind of pump valve 
which is free from the shocks incidental to the work- 
ing of common valves ? 

A , — In some cases india rubber valves are used for 
pumps, with the effect of materially mitigating the 
shock ; but they require frequent renewal, and are of 
inferior eligibility in their action to the slide valve, 
which might in many cases be applied to pumps 
without inconvenience. 

431. Q. — Could not a form of pump be devised 
capable of working without valves at all ? 

A , — It appears probable, that by working a common 
bucket-valve pump at a high speed, a continuous flow 
of water might be maintained through the pipes in 
such a way as to render the existence of other valves 
superfluous after once the action was begun ; the 
momentum of the moving water acting in fact as 
valves. The centrifugal pump, however, threatens 
to supersede other pumps for low lifts ; and if the 
centrifugal pump be employed, there will be no ne- 
cessity for pump valves at all. There is less loss 
of effect by the centrifugal pump than by many 
common pumps. 

482. Q. — What is the best form of the centrifugal 
pump? 

A. — Appold’s pump, which consists of a number of 
bent blades arranged in much the same manner as 
a revolving fan for air, is the species of centrifugal 
pump which has been most employed for irrigation, 
and other purposes requiring only low lifts. For high 
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lifts, such as draining deep mines, the centrifugal 
pump has not yet been employed ; neither has Giffard’s 
injector, which in some cases appears applicable. 
The introduction of the centrifugal pump would ob- 
viously extinguish the single acting engine, as rotative 
engines working at a high speed would be the most 
appropriate form of engine where the centrifugal 
pump was employed. 

433. Q. — This would not be a heavy deprivation ? 

— The single acting engine is a remnant of en- 
gineering barbarism which must now be superseded 
by more compendious contrivances. The Cornish 
engines, though rudely manufactured, are very expen- 
sive in production, as a large engine does but little 
work; whereas by employing a smaller engine, moving 
with a high speed, the dimensions may be so far dimi- 
nished that the most refined machinery may be ob- 
tained at less than the present cost. 

434. Q. — Are not the Cornish engines more econo- 
mical in fuel than other engines ? 

A . — It is a mistake to suppose that there is any 
peculiar virtue in the existing form of Cornish engine 
to make it economical in fuel, or that a less lethargic 
engine would necessarily be less efficient. The large 
duty of the engines in Cornwall is traceable to the 
large employment of the principle of expansion, and 
to a few other causes which may be made of quite as 
decisive efficacy in smaller engines working with a 
quicker speed ; and there is therefore no argument in 
the performance of the present engines against the 
proposed substitution. 
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VARIOUS FORMS OF MARINE ENGINES. 

435. Q. — What species of paddle engine do you 
consider to be the best ? 

A , — The oscillating engine. 

436. Q. — Will you explain the grounds of that 
preference ? 

A . — The engine occupies little space, consists of 
few parts, is easily accessible for repairs, and may be 
both light and strong at the same time. In the case 
of large engines the crank in the intermediate shaft is 
a disadvantage, as it is difficult to obtain such a forg- 
ing quite sound. But by forging it in three cranked 
flat bars, which are then laid together and welded into a 
square shaft, a sound forging will be more probable, 
and the bars should bo rounded a little on the sides 
which are welded to allow the scoriae to escape during 
that operation. It is important in so large a forging 
not to let the fiio be too fierce, else the surface of the 
iron will be burnt before the heart is brought to a 
welding heat. In some cases .in oscillating engines 
the air pump has been wrought by an eccentric, and 
that may at any time be done where doubt of obtain- 
ing a sound intermediate shaft is entertained ; but the 
precaution must be taken to make the eccentric very 
wide so as to distribute the pressure over a large sur- 
face, else the eccentric will be apt to heat. 

437. Q. — Have not objections been brought against 
the oscillating engine? 

A. — In common with every other improvement, 
the oscillating engine, at the time of its introduction, 
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encountered much opposition. The cylinder, it was 
said, would become oval, the trunnion bearings would 
be liable to heat and the trunnion joints to leak, the 
strain upon the trunnions would be apt to bend in or 
bend out the sides of the cylinder ; and the circum- 
stance of the cylinder being fixed across its centre, 
while the shaft requires to accommodate itself to the 
working of the ship, might, it \ras thought, be the 
occasion of such a strain upon the trunnions as would 
either break them or bend the piston rod. It is a 
sufficient reply to these objections to say that they are 
all hypothetical, and that none of them in practice 
have been found to exist — to such an extent at least 
as to occasion any inconvenience ; but it is not dif- 
ficult to show that they are altogether unsubstantial, 
even without a recourse to the disproofs afforded by 
experience. 

438. Q. — Is there not a liability in the cylinder ta 
become oval from the sti’ain thrown on it by thei 
piston ? 

A , — There is, no doubt, a tendency in oscillating 
engines for the cylinder and the stuffing box to beconni 
oval, but after a number of years* wear it is found that 
the amount of ellipticity is less than that which is found 
to exist in the cylinders of side lever engines after a 
similar trial. The resistance opposed by friction to 
the oscillation of the cylinder is so small, that a man 
is capable of moving a large cylinder with one hand; 
whereas in the side lever engine, if the parallel mo- 
tion be in the least untrue, which is, at some time or 
other, an almost inevitable condition, the piston is 
pushed with great force against the side of the cy-. 
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lint}er, whereby a large amount of wear and friction 
is occasioned* The trunnion bearings, instead of 
being liable to heat like other journals, are kept down 
to the temperature of the steam by the flow of steam 
passing through them ; and the trunnion packings are 
not liable to leak when the packings, before being in- 
troduced, are squeezed in a cylindrical mould. 

439. Q. — Might not the eduction trunnions be im- 
mersed in water ? 

A . — In some cases a hollow, or lantern brass, about 
one-third or one-fourth the length of the packing 
space, and supplied with steam or water by a pipe, is 
introduced in the middle of the packing, so that if 
there be any leakage through the trunnion, it will be 
a leakage of steam or water, which will not vitiate 
the vacuum ; but in ordinary cases this device will 
not be necessary, and it is not commonly employed. 
It is clear that there can be no buckling of the sides 
of the cylinder by the strain upon the trunnions, if 
the cylinder be made strong enough, and in cylinders 
of the ordinary thickness such an action has never 
been experienced ; nor is it the fact, that the inter- 
mediate shaft of steam vessels, to which part alone 
the motion is communicated by the engine, requires 
to adapt itself to the altering forms of the vessel, as 
the engine and intermediate shaft are rigidly con- 
nected, although the paddle shaft requires to be 
capable of such an adaptation. Even if this objection 
existed, however, it could easily be met by making 
the crank pin of the ball and socket fashion, which 
would permit the position of the intermediate shaft, 
relatively with that of the cylinder, to be slightly 
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changed, without throwing an undue strain upon an/ 
of the working parts. 

440. Q. — Is the trunk engine inferior to the oscil- 
lating ? 

A, — A very elegant and efficient arrangement of 
trunk engine suitable for paddle vessels has latterly 
been employed by Messrs. Rennie, of which all the 
parts resemble those of Penn’s oscillating engim? 
except that the cylinders are stationary instead of 
being movable ; and a round trunk or pipe set upon 
the piston, and moving steam tight through the 
cylinder cover, enables the connecting rod which is 
fixed to the piston to vibrate within it to the 
requisite extent. But the vice of all trunk (mgines is 
that they are necessarily more wasteful of steam, as 
the large mass of metal entering into the composition 
of the trunk, moving as it does alternately into the 
atmosphere and the steam, must cool and condense a 
part of the steam. The radiation of heat from the 
interior of the trunk will have the same operation, 
though in vertical trunk engines the loss from this 
cause might probably be reduced by filling the trunk 
with oil, so far as this could be done without the oil 
being spilt over the edge. 

441. Q. — What species of screw engine do you 
consider the best ? 

A . — I am inclined to give the preference to a 
variety of the horizontal steeple engine, such as was 
first used in H. M. S. Amphion. In this engine the 
cylinders lie on their sides, and they are placed lu ar 
the side of the vessel with their mouths pointing to 
the keel. From each cylinder two long piston rods 




Cross Sbction op one of the Cylinders of the Aufhion. 



BEST rORM OF ENGINE FOR THE SCREW. 287 

motion to tlie crank. The piston rods are placed in 
the piston, as shown in fig, 35., and one of them passes 
above the crank shaft, and the other below the crank 
shaft. The cross head lies in the same horizontal 
plane as the centre of the cylinder, and a lug projects 
upwards from the cross head to engage one piston 
rod, and downwards from the cross head to engage 
the other piston rod. The air pump is double acting, 
and its piston or bucket has the same stroke as the 
piston of the engine. The air pump bucket derives 
its motion from an arm on the cross head, and a 
similar arm is usually employed in engines of this class 
to work the feed and bilge pumps. 

442. Q. — Is not inconvenience experienced in 
direct acting screw engines from the great velocity of 
their motion ? 

ji . — Not if they are properly constructed ; but they 
require to be much stronger, to be fitted with more 
care, and to have the bearing surfaces much larger 
than is necessary in engines moving slowly. The 
momentum of the reciprocating parts should also be 
balanced by a weight applied to the crank or crank 
shaft, as is done in locomotives. A very convenient 
arrangement for obtaining surface is to form the crank 
of each engine of two cast iron discs cast with heavy 
sides, the excess of weight upon the heavy sides being 
nearly equal to that of the piston and its connections. 
When the piston is travelling in one direction the 
weights are travelling in the opposite; and the mo- 
mentum of the piston and its attachments, which is 
arrested at each reciprocation, is just balanced by the 
equal and opposite momentum of the weights. One 
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advantage of the horizontal engine is, that a single 
engine may be employed, whereby greater simplicity 
of the machinery and greater economy of fuel will be 
obtained, since there will be less radiating surface in 
one cylinder than in two. 


CYLINDERS, PISTONS, AND VALVES. 

443. Q. — Is it a beneficial practice to make cylin- 
ders with steam jackets ? 

A, — In Cornwall, where great attention is paid to 
economy of fuel, all the engines are made with steam 
Jackets, and in some cases a flue wirids spirally round 
the cylinder, for keeping the steam hot. Mr. Watt in 
his early practice discarded the steam jacket for a time, 
but resumed it again, as he found its discontinuance 
occasioned a perceptible waste of fuel ; and in modern 
engines it has been found that where a jacket is used 
less coal is consumed than where the use of a jacket is 
rejected. The cause of this at one time was not of 
very easy perception, for the jacket exposes a larger 
radiating surface for the escape of the heat than the 
cylinder; but since Joule’s researches the result is 
known to be consequent on the superior economy of 
high temperatures in the production of power. 
The exterior of the cylinder, or jacket, should be 
covered with several plies of felt, and then be cased 
in timber, which must be very narrow, the boards 
being first dried in a stove, and then bound round 
the cylinder with hoops, like the staves of a cask. 
In many of the Cornish engines the steam is let into 
casings formed in the cylinder cover and cylinder 
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bottom, for the further economisation of the heat, and 
the cylinder stuffing box is made very deep, and a 
lantern or hollow brass is introduced into the centre 
of the packing, into which brass the steam gains ad- 
mission by a pipe provided for the purpose ; so that 
in the event of the packing becoming leaky, it will 
be steam that will be leaked into the cylinder in- 
stead of air, which, being incondensable, would impair 
the efficiency of the engine. A lantern brass, of a 
similar kind, is sometimes introduced into tlie stuffing 
boxes of oscillating engines, but its use there is to 
receive the lateral pressure of the piston rod, and thus 
take any strain off the packing. 

444 Q. — Will you explain the proper course to 
pursue in the production of cylinders? 

A* — In all engines the valve casing, if made in a 
separate piece from the cylinder, should be attached 
by means of a metallic joint, as such a barbarism as a 
rust joint in such situations is no longer permissible. 
In the case of large engines with valve casings suitable 
for long slides, an expansion joint in the valve casing 
should invariably be inserted, otherwise the steam, 
by gaining admission to the valve casing before it can 
enter the cylinder, expands the casing while the 
cylinder remains unaltered in its dimensions, and the 
joints are damaged, and in some cases the cylinder is 
cracked by the great strain thus introduced. The 
chest of the blow-through valve is very commonly 
cast upon the valve casing ; and in engines where the 
cylinders are stationary this is the most convenient 
practice. All engines, where the valve is not of such 
a construction as to leave the face when a pressure 



290 BEST CONSTKUCTION OF STUFFING BOXES. 


exceeding that of the steam is created in the cylinder 
by priming or otherwise, should be provided with an 
escape valve to let out the water, and such valve 
should be so constructed that the water cannot fly out 
with violence over the attendants ; but it should be 
conducted away by a suitable pipe, to a place where 
its discharge can occasion no inconvenience. Tlie 
stuffing boxes of all engines which cannot be stopped 
frequently to be repacked, should be made very deep : 
metallic packing in the stuffing box has been used in 
some engines, consisting in most instances of one or 
more rings, cut, sprung, and slipped upon the piston 
rod before the cross head is put on, and pacl^ed with 
hemp behind. This species of packing answers very 
well when the parallel motion is true, and the piston 
rod free from scratches, and it accomplishes a material 
saving of tallow. In some cases a piece of sheet bras.«, 
packed behind with hemp, has been introduced with 
good efiect, a flange being turned over on the undur 
edge of the brass to prevent it from slipping up oi 
down with the motion of the rod. The sheet brass 
speedily puts an excellent polish upon the rod, and 
such a packing is more easily kept, and requires less 
tallow than where hemp alone is employed. In side 
lever marine engines the attachments of the cylinder 
to the diagonal stay are generally made of too small 
an area, and the flanges are made too thick. A very 
thick flange cast on any part of a cylinder endangers 
the soundness of the cylinder, by inducing an unequal 
contraction of the metal ; and it is a preferable course 
to make the flange for the attachment or the framing 
thin, and the surface large — the bolts being turned 
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bolts and nicely fitted. If from malformation in this 
part the framing works to an inconvenient extent, the 
best expedient appears to be the introduction of a 
number of steel tapered bolts, the holes having been 
previously bored out; and if the flanges be thick 
enough, square keys may also be introduced, half into 
one flange and half into the other, so as to receive the 
strain. If the jaw cracks or breaks away, however, 
it will be best to apply a malleable iron hoop round 
the cylinder to take the strain, and this will in all 
cases be the preferable expedient, where from any 
peculiarities of structure there is a difliculty in intro- 
ducing bolts and keys of sufficient strength. 

445. Q , — Which is the most eligible species of 
piston ? 

A, — For large engines, pistons with a metallic 
packing, consisting of a single ring, with the ends 
morticed into one another, and a piece of metal let in 
flush over the joint and riveted to one end of the ring, 
appears to be the best species of piston ; and if the 
cylinder be oscillating, it will be expedient to chamfer 
off the upper edge of the ring on the inner side, and 
to pack it at the back with hemp. If the cylinder be 
a stationary one, springs may be substituted for the 
hemp packing, but in any case it will be expedient to 
make the vertical joints of the ends of the ring run a 
little obliquely, so as to prevent the joint forming a 
ridge in the cylinder. For small pistons two rings 
may be employed, made somewhat eccentric internally 
to give a greater thickness of metal in the centre of 
the ring : these rings must be set one above the other 
in the cylinder, and the joints, which are oblique, 
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must be set at right angles with one another, so as to 
obviate any disposition of the rings, in their expan- 
sion, to wear the cylinder oval. The rings must first 
be turned a little larger than the diameter of the 
cylinder, and a piece is then to be cut out, so that when 
the ends are brought together the ring will just enter 
within the cylinder. The ring, while retained in a 
state of compression, is then to be put in the lathe and 
turned very truly, and finally it is to be hammered on 
the inside with the small end of the hammer, to expand 
the metal, and thus increase the elasticity. 

446. Q. — The rings should be carefully fitted to 
one another laterally ? 

A. — The rings are to be fitted laterally to the 
piston, and to one another, by scraping — a steady pin 
being fixed upon the flange of the piston, and fitting 
into a corresponding hole in the lower ring, to keep 
the lower ring from turning round ; and a similar pin 
being fixed into the top edge of the lower ring to 
prevent the upper ring from turning round ; but the 
holes into which these pins fit must be made oblong, 
to enable the rings to press outward as the rubbing 
surfaces wear. In most cases it will be expedient to 
press the packing rings out with springs where they 
are not packed behind with hemp, and the springs 
should be made very strong, as the prevailing fault of 
springs is their weakness. Sometimes short bent 
springs, set round at regular intervals between the 
packing rings and body of the piston, are employed, 
the centre of each spring being secured by a steady 
pin or bolt screwed into the side of the piston ; but it 
will not signify much what kind of springs is used. 
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provided they liave sufficient tension. W^hen pistons 
are made of a single ring, or of a succession of single 
rings, the strength of each ring should be tested pre- 
viously to its introduction into the piston, by means of 
a lever loaded by a heavy weight. 

447. Q. — What kind of piston is employed by 
Messrs. Penn ? 

A. — Messrs. Penn’s piston for oscillating engines 
has a single packing ring, with a tongue piece, or 
mortice end, made in the manner already prescribed. 
The ring is packed behind with hemp packing, and 
the piece of metal which covers the joint is a piece of 
thick sheet copper or brass, and is indented into the 
iron of the ring, so as to offer no obstruction to the 
application of the hemp. The ring is fitted to the 
piston only on the under edge : the top edge is rounded 
to a point from the inside, and the junk ring does not 
bear upon it, but the junk ring squeezes down the 
hemp packing between the packing ring and the body 
of the piston. 

448. Q. — How should the piston rod be secured to 
the piston ? 

.The piston rod, where it fits into the pistonr, 
should have a good deal of taper ; for if the taper be 
too small the rod will be drawn through the hole, and 
the piston will be split asunder. Small grooves are 
sometimes turned out of the piston rod above and 
below the cutter hole, and hemp is introduced in order 
to make the piston eye tight. Most piston rods are 
fixed to the piston by means of a gib and cutter, but 
in some cases the upper portion of the rod within the 
eye is screwed, and it is fixed into the piston by means 
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of an indented nut. This nut is in some cases 
hexagonal, and in other cases the exterior forms a 
portion of a cone which completely fills a correspond- 
ing recess in the piston ; but nuts made in this way 
become rusted into their seat after some time, and 
cannot be started again without much difficulty. 
Messrs. Ravenhill, Salkeld, and Co. fix in their piston 
rods by means of an indented hexagonal nut, which 
may be started by means of an open box key. The 
thread of the screw is made flat upon the one side and 
much slanted on the other, whereby a greater strength 
is secured, without creating any disposition to split the 
nut. In side lever engines it is a judicious practice 
to add a nut to the top of the piston rod, in addition 
to the cutter for securing the piston rod to the cross 
head. In a good example of an engine thus provided, 
the piston rod is 7 in. in diameter, and the screw 5 in.; 
the part of the rod which fits into the cross head eye 
is 1 ft. 5^ in. long, and tapers from 6-^ in, to 6] Jin. 
diameter. This proportion of taper is a good one : if 
the taper be less, or if a portion of the piston rod 
within the cross head eye be left untapered, as is 
sometimes the case, it is very difficult to detach the 
parts from one another. 

449. Q . — Which is the most beneficial construction 
of slide valve ? 

A, — The best construction of slide valve appears 
to be that adopted by Messrs. Penn for their larger 
engines, and which consists of a three ported valve, 
to the back of which a ring is applied of an area 
equal to that of exhaustion port, and which, by 
bearing steam tight against the back of the casing, so 
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that a vacuum may be maintained within the ring, 
puts the valve in equilibrium, so that it may be 
moved with an inconsiderable exercise of force. The 
back of the valve casing is put on like a door, and its 
internal surface is made very true by scraping. 
There is a hole through the valve so as to conduct 
away any steam which may enter within the ring by 
leakage, and the ring is kept tight against the back 
of the casing by means of a ring situated beneath the 
bearing ring, provided with four lugs, through which 
bolts pass tapped into bosses on the back of the valve ; 
and, by unscrewing these bolts, — which may be done 
by means of a box key which passes through holes in 
the casing closed with screwed plugs, — the lower 
ring is raised upwards, carrying the bearing ring 
before it. The rings must obviously be fitted over a 
boss upon the back of the valve; and between the 
rings, which are of brass, a gasket ring is interposed 
to compensate by its compressibility for any irregu- 
larity of pressure, and each of the bolts is provided 
with a ratchet collar to prevent it from turning back, 
so that the engineer, in tightening these bolts, will 
have no difiiculty in tightening them equally, if he 
counts the number of clicks made by the ratchet. 
Where this species of valve is used, it is indispensable 
that large escape valves be applied to the cylinder, as 
a valve on this construction is unable to leave the 
face. In locomotive engines, the valve universally 
employed is the common three ported valve. 

450. Q. — Might not an equilibrium slide valve be 
BO constructed by the interposition of springs, as to 
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enable it to leave the cylinder face when an internal 
force is applied ? 

A, — That can no doubt be done, and in some 
engines has been done. In the screw steamer Azof, 
the valve is of the equilibrium construction, but the 
plate which carries tlie packing on which the top 
ring rests, is an octagon, and fits into an octagonal 
recess on the back of the valve. Below each side of 
the octagon there is a bent flat spring, which lifts up 
the octagonal plate, and with it the packing ring 
against the back of the valve casing ; and should 
water get into the cylinder, it escapes by lifting the 
valve, which is rendered possible by the compres- 
sibility of the springs. An equivalent arrangement 
is shown in^/igs* 36. and 37., where the ring is lifted 
by spiral springs. 

Ft([. 36. 



Rquilibrium Gridiron Slide Valve. 

Longitudinal Section. Scale f inch = 1 foot. 

451. Q. — What species of valve is that shown in 
^gs, 36, and 37. ? 

A. — It is an equilibrium gridiron valve ; so called 
because it lets the steam in and out by more than one 
port. A A are the ordinary steam passages to the top 
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Fig, 37. 



Equilibrium Gridiron Slide Valve. 

Back View with Ring removed. Scale J inch sx 1 foot 

and bottom of the cylinder ; b b is the ring which 
rubs against the back of the valve casing, and d is 
the eduction passage, s s s s shows the limits of the 
steam space, for the steam penetrates to the central 
chamber s s by the sides of the valve. When the 
valve is opened upon the steam side, the cylinder 
receives steam through both ports at that end of the 
cylinder, and both ports at the other end of the 
cylinder are at the same time open to the eduction. 
The benefit of this species of valve is, that it gives 
the same opening of the valve that is given in 
ordinary engines, with half the amount of travel ; or 
if tliree ports were made instead of two, then it 
would give the same area of opening that is given in 
c,ommon engines witli one-third the amount of travel. 
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For direct acting screw engines this species of valve 
is now extensively used. 

452. Q, — Will you describe the configuration and 
mode of attachment of the eccentric by which the 
valve is moved ? 

A, — In marine engines, whether paddle or screw, 
if moving at a slow rate of speed, the eccentric is 
generally loose upon the shaft, for the purpose of 
backing, and is furnished with a back balance and 
catches, so that it may stand either in the position 
for going ahead, or in that for going astern. The 
body of the eccentric is of cast iron, and it is put on 
the shaft in two pieces. The halves are put together 
with rebated joints to keep them from separating 
laterally, and they are prevented from sliding out by 
round steel pins, each ground into both halves : 
square keys would probably be preferable to round 
pins in this arrangement, as the pins tend to wedge 
the jaws of the eccentric asunder. In some cases the 
halves of the ‘ ccentric are bolted together by means 
of flanges, which is, perhaps, the preferable practice. 
The eccentric hoop in marine and land engines is 
generally of brass : it is expedient to cast an oil cup 
on the eccentric hoop, and, where practicable, a pan 
should be placed beneath the eccentric for the recep- 
tion of the oil droppings. The notch of the eccentric 
rod for the reception of the pin of the valve shaft is 
usually steeled, to prevent inconvenient wear; for 
when the sides of the notch wear, the valve move- 
ment is not only disturbed, but it is very difficult to 
throw the eccentric rod out of gear. It is found to 
be preferable, however, to fit this notch with a brass 
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bush, for the wear is then less rapid, and it is an easy 
thing to replace this bush with another when it 
becomes worn. The eccentric catches of the kind 
usually employed in marine engines, sometimes break 
off at the first bolt hole, and it is preferable to have a 
bolt in advance of the catch face, or to have a hoop 
encircling the shaft with the catches welded on it, the 
lioop itself being fixed by bolts or a key. This liooi> 
may either be put on before the cranks in one piece 
or afterwards in two pieces. 

453. Q. — Are such eccentrics used in direct acting 
screw engines ? 

A, — No ; direct acting screw engines are usually 
fitted with the link motion and two fixed eccentrics 

AIR PUMP AND CONDENSER. 

454. Q — What are the details of the air pump? 

A. — The air pump bucket and valves are all of 
brass in modern marine engines, and the chamber 
of the pump is lined with copper, or made wholly of 
brass, whereby a single boring suffices. When a 
copper lining is used, the pump is first bored out, and 
a bent sheet of copper is introduced, which is made 
accurately to fill the place, by hammering the copper 
on the inside. Air pump rods of Muntz’s metal or 
copper are much used. Iron rods covered with brass 
are generally wasted away where the bottom cone fits 
into the bucket eye, and if the casing be at all porous 
the water will insinuate itself between the casing and 
the rod and eat away the iron. If iron rods covered 
with brass be used, the brass casing should come some 
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distance into the bucket eye ; the cutter should be of 
brass, and a brass washer should cover the under side 
of the eye, so as to defend the end of the rod from 
the salt water. Rods of Muntz’s metal are probably 
on the whole to be preferred. It is a good practice 
to put a nut on the top of the rod, to secure it more 
lirmly in the cross head eye, where that plan can be 
conveniently adopted. The part of the rod which fits 
into the cross head eye should have more taper when 
made of copper or brass, than when made of iron ; as, 
if the taper be small, the rod may get staved into the 
eye, whereby its detachment will be difficult. 

455. Q.*~*-What species of packing is used in air 
pumps ? 

— Metallic packing has in some instances been 
employed in air pump buckets, but its success has not 
been such as to lead to its further adoption. The 
packing commonly employed is hemp. A deep solid 
block of metal, however, without any packing, is often 
employed with a satisfactory result ; but this block 
should have circular grooves cut round its edge to 
hold water. Where ordinary packing is employed, 
the bucket should always be made with a junk ring, 
whereby the packing may be easily screwed down at 
any time with facility. In slow moving engines the 
bucket valve is generally of the spindle or pot-lid 
kind, but butterfly valves are sometimes used. Tlie 
foot and delivery valves are for the most part of the 
flap or hanging kind. These valves all make a con- 
siderable noise in w'orking, and are objectionable in 
many ways. Valves on Beli dor’s construction, which 
is in eflect that of a throttle valve hung off the centre, 
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were some years ago proposed for the delivery and 
foot valves ; and it appears probable that their opera- 
tion would be more satisiactory than that of the valves 
usually employed. 

456. Q. — Where is the delivery valve usually 
situated ? 

A. — Some delivery valve seats are bolted into the 
mouth of the air pump, whereby access to the pumf> 
bucket is rendered difficult : but more commonly the 
delivery valve is a flap valve exterior to the pump. 
If delivery valve seats be put in the mouth of the air 
pump at all, the best mode of fixing them appears to 
be that adopted by Messrs. Maudslay. The top of 
the pump barrel is made quite fair across, and upon 
this flat surface a plate containing the delivery valve 
is set, there being a small ledge all round to keep it 
steady. Between the bottom of the stuffing box of 
the pump cover and the eye of the valve seat a short 
pipe extends encircling the pump rod, its lower end 
checked into the eye of the valve seat, and its upper 
end widening out to form the bottom of the stuffing 
box of the pump cover. Upon the top of this pipe 
some screws press, which are accessible from the top 
of the stuffing box gland, and the packing also aids in 
keeping down the pipe, the function of which is to 
retain the valve seat in its place. When the pump 
bucket has to be examined the valve seat may be 
slung with the cover, so as to come up with the same 
purchase. For the bucket valves of such pumps 
Messrs. Maudslay employ two or more concentric 
ring valves with a small lift. These valves have 
given a good deal of trouble in some cases, in conse- 
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quence of the frequent fracture of the bolts which 
guide and confine the rings ; but this is only a fault 
of detail which is easily remedied, and the principle 

Fig. 38. 




Tnicsj* Air Tump. 


Scale I inch to I Aaot* 
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appears to be superior to that of any of the other 
metallic air pump valves at present in common use. 

457. Q. — Are not air pump valves now very 
generally made of india rubber ? 

A. — They are almost invariably so made if the 
engines are travelling fast, as in the case of direct 
acting screw engines, and they are very often made of 
large discs or rings of india rubber, even when the 
engines travel slowly. A very usual and eligible 
arrangement for many purposes is that shown in 
jfig, 38., where both foot and delivery valves are situ- 
ated in the ends of the pump, and they, as well as the 
valve in the bucket, are made of india rubber rings 
closing on a grating. The trunk in the air pump 
enables guide rods to be dispensed with. 

458. Q. — The air pump, when double acting, has 
of course inlet and outlet valves at each end ? 

A, — Yes; and the general arrangement of the 
valves of double acting air pumps, such as are usual 
in direct acting screw engines, is that represented in 
the figure of Penn’s trunk engine already described 
in Chapter I. Each inlet and outlet valve consists of 
a number of india rubber discs set over a perforated 
brass plate, and each disc is bound down by a bolt in 
the middle, which bolt also secures a brass guard set 
above the disc to prevent it from rising too high. The 
usual configuration of those valves is that represented 
in Jigs. 39, 40, and 41. ; Jigs. 39. and 40. being a 
section and ground plan of the species of valve used 
by Messrs. Penn, and Jig. 41. being a section of that 
used by Messrs. Maudslay. It is important in these 
valves to have the india rubber thick, — say about an 
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Penn’s D*sc Valve por Air Pump. 
Section. 



Ffg.A]. 



Maudslav’s Disc Valve for Air Pump. 
Section. 


inch thick for valves 
eight inches in dia- 
meter. It is also ad- 
visable to make the 
central bolts with a 
nut above and a nut 
below, and to form 
the bolt with a cotm- 
tersunk neck, so that 
it will not fall down 
when the top nut is 
removed. The lower 
point of the bolt 
should be riveted over 
on the nut to prevent 
it from unscrewing, 
and the top end should 
have a split pin 
through the point for 
the same purpose. 
The hole through 
which the bolt passes 
should be tapped, 
though the bolt is not 
screwed into it, so 
that if a bolt breaks a 
temporary stud may 
be screwed into the 
hole without the ne- 
cessity of taking out 


the whole plate. The guard should be large, else the 


disc may stretch in the central hole until it comes 
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over it ; but the guard should not permit too much 
lift of the valve, else a good deal of the water and air 
will return into the pump at the return stroke before 
the valve shuts. Penn’s guard is rather small, and 
Maudslay’s permits too much lift. 

459. Q. — What is the proper area through the 
valve gratings ? 

A. — The collective area should be at least equal to 
the area of the pump piston, and the lower edges of 
the perforations should be rounded off to afford more 
free ingress or egress to the water. 

460. Q. — Is there much strain thrown on the 
plates in which the valves are set ? 

A. — A good deal of strain ; and in the earlier 
direct acting screw engines these plates were nearly 
in every case made too light. They should be made 
thick, have strong feathers upon them, and be very 
securely bolted down with split pins at the points of 
the bolts, to prevent them from unscrewing. The 
plate will be very apt to be broken should some of the 
bolts become loose. Of course all the bolts and split 
pins, as well as the plates and guards, must be of 
brass. 

461. Q* — How are the plates to be taken out 
should that become necessary ? 

A, — They are usually taken out through a door in 
the top of the hot well provided for that purpose, 
which door should be as large as the plates them- 
selves ; and it is a good precaution to cast upon this 
door — which will be of cast iron — six or eight stout 
projecting feet which will press upon the top of the 
outlet or delivery valve plate when the door is screwed 


X 
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down. The upper or delivery valve plate and the 
lower or foot valve plate should have similar feet. 
A large part of the strain will thus be transferred 
from the plates to the door, which can easily be made 
strong enough to sustain it. It is advisable that the 
plates should lie at an angle so that the shock of the 
water may not come upon the whole surface at once.- 

462. Q. — Does the double acting air pump usual 
in direct acting screw engines, produce as good a 
vacuum as the single acting air pump usual in paddle 
engines ? 

A. — It will do so if properly constructed ; but I 
do not know of any case of a double acting air pump, 
with india rubber valves, wliich has been properly 
constructed. 

463. Q. — What is the fault of such pumps ? 

A. — The pump frequently works by starts, as if at 
times it did not draw at all, and then again on a 
sudden gorged itself with water, so as to throw a 
great strain upon the working parts. The vacuum, 
moreover, is by no means so good as it should be, and 
it is a universal vice of direct acting screw engines 
that the' vacuum is defective. I have been at some 
pains to investigate the causes of this imperfection ; 
and in a sugar house engine fitted with pumps like 
those of a direct acting screw engine, to maintain a 
vacuum in the pans, I found that a better vacuum was 
produced when the engine was going slowly than 
when it was going fast ; which is quite the reverse of 
what was to have been expected, as the hot water 
which had to be removed by the condensation of the 
steam proceeding from the pan, was a constant quan- 
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tity. In this engine, too, which was a high pressure 
one, the irregularities of the engine consequent upon 
the fitful catching of the water by the pump, was 
more conspicuous, as the working of this vacuum 
pump was the only work that the engine had to 
perform. 

464. Q. — And were you able to discover the cause 
of these irregularities ? 

A, — The main cause of them I found to be the 
largeness of the space left between the valve plates 
in this class of pumps, and out of which there is 
nothing to press the air or water which may be lying 
there. It consequently happens, that if there be the 
slightest leakage of air into the pump, this air is 
merely compressed, and not expelled, by the advance 
of the air pump piston. It expands again to its former 
bulk on the return of the pump piston, and prevents 
the water from entering until there is such an accu- 
mulation of pressure in the condenser as forces the 
water into the pump, when the air being expelled by 
the water, causes a good vacuum to be momentarily 
formed in the pump when it gorges itself by taking a 
sudden gulp of water. So soon, however, as the pres- 
sure falls in the condenser and some more air leaks 
into the pump, the former imperfect action recurs and 
is again redressed in the same violent manner. 

465. Q. — Is this irregular action of the pump the 
cause of the imperfect vacuum ? 

A » — It is one cause. Sometimes one end of the 
pump will alone draw and the other end will be in- 
operative, although it is equally open to the condenser, 
and this will chiefly take place at the stuffing box end. 
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where a leakage of air is more likely to occur. I 
find, however, that even when both ends of the pump 
are acting equally and there is no leakage of air at all, 
the vacuum maintained by a double acting hori- 
zontal pump with india rubber valves, is not so good 
as that maintained by a single acting pump of the 
kind usual in old engines. 

466. Q* — Will you specify more precisely what 
were the results you obtained ? 

A. — When the vacuum pan was exhausted by the 
pumps without any boiling being carried on in the 
pan, but only a little cold water being let into it, and 
also into the pumps to enable them to act in their best 
manner, it was found that whereas with the old pump 
a vacuum of 114 on the sugar boiler’s gauge could be 
I’eadily obtained, equal to about 29-| inches of mer- 
cury, the lowest that could possibly be got with the 
new horizontal pump was 122 degrees of the sugar 
boiler’s gauge, or 29 inches of mercury, and to get 
that the engine must not go faster than 10 or 12 
strokes per minute. The proper speed of the engine 
was 75 strokes per minute, but if allowed to go at 
that speed the vacuum fell to 1 30 of the sugar maker’s 
gauge, or 28^^ inches of mercury. When the steam 
was let into the worms of the pan so as to boil the 
water in it, the vacuum was 134 at 75 revolutions of 
the engine, and went down to 132 at 40 revolutions, 
but rose again to 135, equal to about 28^1^ inches of 
mercury, at 20 revolutions. 

467. Q* — To what do you attribute the circum- 
stance of a better vacuum being got at low speeds 
than at high speeds ? 
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A . — It is difficult to assign the precise reason, but 
it appears to be a consequence of the largeness of the 
vacant space between the valve plates. When the 
piston of the air pump is drawn back, the air con- 
tained in this large collection of water will cause it to 
boil up like soda water ; and when the piston of the 
pump is forced forward, this air, instead of being ex- 
pelled, will be again driven into the water. There 
will consequently be a quantity of air in the pump 
which cannot be got rid of at all, and which will 
impair the vacuum as a matter of course. 

468. Q. — What expedient did you adopt to im- 
])rove the vacuum in the engine to which you have 
referred ? 

A, — I put blocks of wood on the air pump piston, 
which at the end of its stroke projected between the 
valve plates and forced the water out. I also intro- 
duced a cock of water at each end of the pump be- 
tween the valve plates, to insure the presence of water 
at each end of the pump to force the air out. With 
these ameliorations the pump worked steadily, and the 
vacuum obtained became as good as in the old pump. 
I had previously introduced an injection cock into 
each end of the air pump in steam vessels, from whicli 
I had obtained advantageous results ; and in all hori- 
zontal air pumps I would recommend the piston and 
valve plates to be so constructed that the wliole of the 
water will be expressed by the piston. I would also 
recommend an injection cock to be introduced at each 
end of the pump. 
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PUMPS, COCKS, AND PIPES. 

469. Q. — Will you explain the arrangement of 
the feed pump ? 

A , — In steam vessels, the feed pump plunger is 
generally of brass, and the barrel of the pump is 
sometimes of brass, but generally of cast iron. There 
should be a considerable clearance between the bottom 
of the plunger and the bottom of the barrel, as other- 
wise the bottom of the barrel may be knocked out, 
should coal dust or any other foreign substance gain 
admission, as it probably would do if the injection 
water were drawn at any time from the bilge of the 
vessel, as is usually done if the vessel springs a leak. 
The valves of the feed pump in marine engines are 
generally of the spindle kind, and are most conve- 
niently arranged in a chest, which may be attached in 
any accessible position to the side of the hot well. 
There are two side nozzles upon this chest, of which 
the lower one leads to the pump, and the upper one 
to the boiler. The pipe leading to the pump is a 
suction pipe when the plunger ascends, and a forcing 
pipe when the plunger descends. The plunger in 
ascending draws the water out of the hot well througli 
the lowest of the valves, and in descending forces it 
through the centre valve into the space above it, 
which communicates with the feed pipe. Should the 
feed cock be shut so as to prevent any feed water 
from passing through it, the water will raise the top- 
most valve, which is loaded to a pressure considerably 
above the pressure of the steam, and escape into the 
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hot well. This arrangement is neater and less ex- 
pensive than that of having a separate loaded valve 
on the feed pipe, with an overflow through the 
ship’s side, as is the more usual practice. 

470. Q.— Will you describe what precautions are to 
be observed in the construction of the cocks used in 
engines ? 

A, — All the cocks about an engine should be pro- 
vided with bottoms and stuflSng boxes, and reliance 
should never be placed upon a single bolt passing 
through a bottom washer for keeping the plug in its 
place, in the case of any cock communicating with the 
boiler ; for a great strain is thrown upon that bolt if 
the pressure of the steam be high, and if the plug be 
made with much taper ; and should the bolt break, or 
the threads strip, the plug will fly out, and persons 
standing near may be scalded to death. In large 
cocks, it appears the preferable plan to cast the bottoms 
in; and the metal of which all the cocks about a 
marine engine are made, should be of the same quality 
as that used in the composition of the brasses, and 
should be without lead, or other deteriorating material. 
In some cases the bottoms of cocks are burnt in witli 
hard solder, but this method cannot be depended upon, 
as the solder is softened and wasted away by the hot 
salt water, and in time the bottom leaks, or is forced 
out. The stuflSng box of cocks should be made of 
adequate depth, and the gland should be secured by 
means of four strong copper bolts. The taper of 
blow-off cocks is an important element in their con- 
struction ; as, if the taper be too great, the plugs will 
have a continual tendency to rise, which, if the pack- 
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ing be slack, will enable grit to get between the faces, 
while, if the taper be too little, the plug will be liable 
to jam, and a few times grinding will sink it so far 
through the shell that the waterways will no longer 
correspond. One-eighth of an inch deviation from the 
perpendicular for every inch in height, is a common 
angle for the side of the cock, which corresponds with 
one quarter of an inch difference of diameter in an 
inch of height ; but perhaps a somewhat greater taper 
than this, or one-third of an inch difference in dia- 
meter for every inch of height, is a preferable propor- 
tion. The bottom of the plug must be always kept a 
small distance above the bottom of the shell, and an 
adequate surface must be left above and below the 
waterway to prevent leakage. Cocks formed accord- 
ing to these directions will be found to operate satis- 
factordy in practice, while they will occasion perpetual 
trouble if to be any malformation. 

471. (?. — Wliat is the best arrangement and con 
figuration of the blow-off cocks? 

A. — The blow-off cocks of a boiler are generally 
placed some distance from the boiler ; but it appears 
jTcferable that they should bo placed quite close to it, 
as there are no means of shutting off the water from 
the pipe between the blow-off cock and the boiler, 
should fj’acture or leakage there arise. Every boiler 
must be furnished with a blow-off cock of its own, in- 
dependently of the main blow-off cocks on the ship's 
sides, so that the boilers may be blown off separately, 
and may be shut off from one another. The preferable 
arrangement appears to be, to cast upon each blow-off 
cock a bend for attaching the cock to the bottom of the 
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boiler, and the plug should stand about an inch in 
advance of the front of the boiler, so that it may be 
removed, or re -ground, with facility. The general 
arrangement of the blow-off pipes is to run a main 
blow-off pipe beneath the floor plates, across the ship, 
at the end of the engines, and into this pipe to lead a 
separate pipe, furnished with a cock, from each boiler. 
The main blow-off pipe, where it penetrates the ship’s 
side, is furnished with a cock : and in modern steam 
vessels Kingston’s valves are also used, which consist 
of a spindle or plate valve, fitted to the exterior of tlie 
ship, so that if the internal pipe or cock breaks, the 
external valve will still be operative. Some expedient 
of this kind is almost necessary, as the blow-off cocks 
require occasional re-grinding, and the sea cocks can- 
not be re-ground without putting the vessel into dock, 
except by the use of Kingston’s valves, or some 
equivalent expedient. 

472. Q. — What is the proper construction and 
situation of the injection cocks, and waste water 
valves? 

— The sea injection cocks are usually made in 
t!ie same fashion as the sea blow-off cocks, and of 
about tlie same size, or rather larger. The injection 
water is generally admitted to the condenser by means 
of a slide valve, but a cock appears to be preferable, 
as it is more easily opened, and has not any disposition 
to shut of its own accord. In paddle vessels the sea 
injection pipes should b« put through the ship’s sides 
in advance of the paddles, so that the water drawn in 
may not be injuriously charged with air. The waste 
water pipe passing from the hot well through the 
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vessel’s side is provided with a stop valve, called the 
discharge valve, which is usually made of the spindle 
kind, so as to open when the water coming from the 
air pump presses against it. In some cases this valve 
is a sluice valve, but the hot well is then almost sure 
to be split, if the engine be set on without the valve 
having been opened. The opening of the waste water 
pipe should always be above the load water line, as it 
will otherwise be difficult to prevent leakage through 
the engine into the ship when the vessel is lying 
in harbour. 

473. Q, — What is the best arrangement of gauge 
cocks and glass gauges ? 

A . — Gauge cocks are generally very inartificially 
made, and occasion needless annoyance. They are 
rarely made with bottoms, or with stuffing boxes, 
and are consequently, for the most part, adorned with 
stalactites of salt nfter a short period of service. The 
water discharged from them, too, from the want of a 
proper conduit, disfigures the front of the boiler, and 
adds to the corrosion in the ash pits. It would be 
preferable to combine the gauge cocks appertaining 
to each boiler into a single upright tube, connected 
suitably with the boiler, and the water flowing from 
them could be directed downwards into a funnel tube 
communicating with the bilge. The cocks of the glass 
tubes, as well as of the gauge cocks, should be fur- 
nished with stuffing boxes and with bottoms, unless 
the water enters through the bottom of the plug, 
which in gauge cocks is sometimes the case. The 
glass gauge tubes should always be fitted with a cock 
at each neck communicating with the boiler, so that 
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the water and steam may be shut off if the tube 
breaks ; and the cocks should be so made as to admit 
of the tubes being blown through with steam to clear 
them, as in muddy water they will become so soiled 
that the water cannot be seen. The gauge cocks 
frequently have pipes running up within the boiler, to 
the end that a high water level may be made con- 
sistent with an easily accessible position of the gauge 
cocks themselves. With the glass tubes, however, 
this species of arrangement is not possible, and the 
glass tubes must always be placed in the position of 
the water level. 

474. Q. — What is the proper materral of the pipes 
in steam vessels ? 

A, — Most of tlie pipes of marine engines should 
be made of copper. The steam pipes may be of cast 
iron, if made very strong, but the waste water pipes 
should be of copper. Cast iron blow-off pipes have in 
some cases been employed, but they are liable to 
fracture, and are dangerous. The blow-off and feed 
pipes should be of copper, but the waste steam pipe 
may be of galvanised iron. Every pipe passing 
through the ship’s side, and every pipe fixed at both 
ends, and liable to be heated and cooled, should be 
furnished with a faucett or. expansive joint ; and in 
the case of cast iron pipes, the part of the pipe fitting 
into the faucett should be turned. In the distribution 
of the faucetts of the pipes exposed to pressure, care 
must be taken that they be so placed that the parts 
of the pipe cannot be forced asunder, or turned round 
by the strain, as serious accidents have occurred from 
the neglect of this precaution. 
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475. Q. — What is the best mode of making pipes 
tight where they penetrate the ship’s side ? 

A , — In wooden vessels the pipes where they pierce 
the ship’s side, should be made tight, as follows ; — 
the hole being cut, a short piece of lead pipe, with a 
broad flange at one end, should be fitted into it, the 
place having been previously smeared with white 
lead, and the pipe should then be beaten on the inside, 
until it comes into close contact all around witli the 
wood. A loose flange should next be slipped over the 
projecting end of the lead pipe, to which it should be 
soldered, and the flanges should both be nailed to the 
timber with scupper nails, white lead having been 
previously spread underneath. This method of pro- 
cedure, it is clear, prevents the possibility of leakage 
down through the timbers; and all, therefore, that 
lias to be guarded against after this precaution, is to 
})revent leakage into the ship. To accomplish this 
object, let the pipe which it is desired to attach be put 
through the leaicn hause, and let the space between 
the pipe and the lead be packed with gasket and white 
lead, to which a little olive oil has been added. The 
pipe must have a flange upon it to close the hole in 
the ship’s side ; the packing must then be driven in 
from the outside, and be kept in by means of a gland 
secured with bolts passing through the ship’s side. 
If the pipe is below the water line the gland must be 
of brass, but for the waste water pipe a cast iron 
gland will answer. This method of securing pipes 
penetrating the side, however, though the best for 
wooden vessels, will, it is clear, fail to apply to iron 
ones. In the case of iron vessels, it appears to be the 
best practice to attach a short iron nozzle, projecting 
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inwards from the skin, for the attachment of every pipe 
below the water line, as the copper or brass would 
waste the iron of the skin if the attachment were made 
in the usual way. 

DETAILS OF THE SCREW AND SCREW SHAFT. 

476. Q. — What is the best method of fixing the 
screw upon the shaft ? 

A . — The best way is to cut two large grooves in 
the shaft coming up to a square end, and two corre- 
sponding grooves or key seats in the screw boss oppo- 
site the arms. Fit into the grooves on the shaft keys 
with heads, the length of which is equal to half the 
depth of the boss, and with the ends of the keys bear- 
ing against the ends of the grooves in the shaft. 
Then ship on the propeller, and drive other keys of 
an equal length from the other side of the boss, so 
that the points of the keys will nearly meet in the 
middle ; next burr up the edge of the grooves upon 
the beads of the keys, to prevent them from working 
back ; and finally tap a bolt into the side of the boss to 
penetrate the shaft. Propellers so fitted will never 
get slack. 

477. Q. — ^What is the best way of fitting in the 
screw pipe at the stern ? 

A , — It should have projecting rings, which should 
be turned ; and cast iron pieces with holes in them, 
bored out to the sizes of these rings, should be secured 
to the stern frames, and the pipe be then shipped 
through all. Before this is done, however, the stern 
post must be bored out by a template to fit the pipe, 
and the pipe is to be secured at the end to the stern 
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post either by a great external nut of cast iron, or by 
bolts passing through the stern post and through lugs 
on the pipe. The pipe should be bored throughout 
its entire length, or be lined with lignum and 
the shaft should be turned so as to afford a very long 
bearing, which will prevent rapid wear. 

478. Q, How is the hole formed in the deadwood 
of the ship in which the screw works ? 

A , — A great frame of malleable iron, the size of 
the hole, is first set up, and tlie plating of the ship is 
brought to the edge of this hole, and is riveted 
through the frame. It is important to secure this 
frame very firmly to the rest of the ship, with which 
view it is advisable to form a great palm, like the 
palm of a vice, on its inner superior corner, which, 
projecting into the ship, may be secured by breast- 
hook plates to the sides, whereby the strain which 
the screw causes will be distributed over the stern, 
instead of being concentrated on the rivets of the 
frame. 

479. Q. — Are there several lengths of screw 
shaft ? 

— There are, 

480. Q, — How then are these secured to one an- 
other ? 

A, — The best mode of securing the several lengths 
of shaft together is by forging the shafts with 
fianges at the ends, which are connected together by 
bolts, say six strong bolts in each, but the abutting 
ends of the shafts should be slightly rounded to permit 
a slight sideplay. 

481. Q. — How is the thrust of the shaft received ? 

A, — In some cases it is received on a number of 
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be free to revolve. This arrangement, which is re- 
presented in Jig^ 42., is used pretty extensively, and 
answers the purpose perfectly. It is of course neces- 
sary that the box in 

45 . ^ 

which the discs A are 
set, shall be strong 
enough to withstand 
the thrust which the 
screw occasions. An- 

0 with', wry long' wle 

in the direction of 
the shaft so as to ob- 
viate any risk of cant- 
ing or springing for- 
ward when the strain 
is applied, as such a 
circumstance, if oc- 
curring even to a 
slight extent, would 
be very likely to cause 
the bearing to heat. 

482. Q. — Are there 
not arrangements ex- 

Kle«Uon Of Apparatus forlifting 5c«tw “*“8 “ 

of Dauntless. for enabling the screw 
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to be lifted out of tbe water while the vessel is at 
sea? 

A. — There are ; but such arrangements are not 
usual in merchant vessels. One form of apparatus 
for this purpose is that represented in ^/ig, 45. The 
screw is set on a short shaft in the middle of a sliding 
frame, which can be raised or lowered in grooves like 
a window, and the screw shaft within tlie ship can be 
protruded or withdrawn by appropriate mechanism, 
so as to engage or leave free this short shaft as may 
be required. WJien the screw has to be lifted, the 
screw shaft is drawn into the vessel, leaving the 
short shaft free to be raised up by the sliding frame, and 
the frame is raised by long screws turned round by a 
winch purchase on deck. A chain or rope, however, 
is better for the purpose of raising this frame, than 
long screws ; but the frame should in such case be 
provided with pall catches like those of a windlass, 
which, if the rope should break, will prevent the screw 
from falling. 


DETAILS OF THE PADDLES AND PADDLE SHAFT. 

483. Q. — What are the most important details of 
the construction of paddle wheels ? 

A . — The structure of the feathering wheel will be 
hereafter described in connection with an account 
of the oscillating engine ; and it will be expedient 
now to restrict any account of the details to the 
common radial paddle, as applied to ocean steamers. 
The best plan of making the paddle centres is with 
square eyes, and each centre should be secured in its 
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place by means of eight thick keys. The shaft 
should be burred up against the head of these keys 
with a chisel, so as to prevent the keys from coming 
back of their own accord. If the keys are wanted to 
be driven back, this burr must be cut off, and if made 
thick, and of the right taper, they may then be started 
without difficulty. The shaft must of course be 
forged with square projections on it, so as to be 
suitable for the application of centres with square 
eyes. Messrs. Maudslay and Co. boro out their 
paddle centres, and turn a seat for them on the shaft, 
afterwards fixing them on the shaft with a single 
key. This plan is objectionable for the two reasons, 
that it is insecure when new, and when old is irre- 
movable. The general practice among the London 
engineers is to fix the paddle arms at the centre to a 
plate by means of bolts, a projection being placed 
upon the plates on each side of the arm, to prevent 
lateral motiois ; but this method is inferior in dura- 
bility to that adopted in the Clyde, in which each 
arm is fitted into a socket by means of a cutter, — a 
small hole being left opposite to the end of each arm, 
whereby the arm may be forced back by a drift. 

484. Q. — How are the arms attached to the out- 
side rings ? 

A. — Some engineers join the paddle arms to the 
outer ring by means of bolts ; but unless very care- 
fully fitted, those bolts after a time become slack 
sideways, and a constant working of the parts of the 
wheel goes on in consequence. Sometimes the part 
of the outer ring opposite the arm is formed into a 
mortice, and the arms are wedged tight in these 
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holes by wedges driven in on each side ; but the plan 
is an expensive one, and not satisfactory, as the 
wedges work loose even though riveted over at the 
point. The best mode of making a secure attachment 
of the arms to the ring, consists in making the arms 
with long T heads, and riveting the cross piece to the 
outer ring with a number of rivets, not of the largest 
size, which would weaken the outer ring too much. 
The best way of securing the inner rings to the arms 
is by means of lugs welded on the arms, and to which 
the rings are riveted. 

485. Q. — What are the scantlings of the paddle 
floats ? 

A. — The paddle floats are usually made either of 
elm or pine ; if of the former, the common thickness 
for large sea-going vessels is about 2^ inches ; if of 
the latter, 3 inches. The floats should have plates 
on both sides, else the paddle arms will be very liable 
to cut into the wood, and the iron of the arms will be 
very rapidly wasted. When the floats have been 
fresh put on they must be screwed up several times 
before they come to a bearing. If this be not done, 
the bolts will be sure to get slack at sea, and all the 
floats on the weather side may be washed off. The 
bolts for holding on the paddle floats are made extra 
strong, on account of the corrosion to which they are 
subject ; and the nuts should be made large, and 
should be square, so that they may be effectually 
tightened up, even though their corners be worn away 
by corrosion. It is a good plan to give the thread of 
the paddle bolts a nick with a chisel, after the nut has 
been screwed up, which will prevent the nut from 
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turnin^g back. Paddle floats, when consisting of 
more than one board, should be bolted together edge- 
ways, by means of bolts running through their whole 
breadth. The floats should not be notched to allow 
of their projection beyond the outer ring, as, if the 
sides of the notch be in contact with the outer ring, 
the ring is soon eaten away in that part, and the pro- 
jecting part of the float, being unsupported, is liable 
to be broken off. 

486. Q. — Do not tlie wheels jolt sideways when 
the vessel rolls ? 

A, — It is usual to put a steel plate at each end of 
the paddle shafts tightened with a key, to prevent 
end play when the vessel rolls, but the arrangement is 
preearious and insufiicient. Messrs. Maudslay make 
their paddle shaft bearings with very large fillets in 
the corner, with the view of diminishing the evil ; 
but it would bo preferable to make the bearings like 
a common thrust bearing; and, indeed, it would 
probably be an improvement if most of the bearings 
about the engine were to be made in the same 
fashion. The loose end of the crank pin should be 
made not spheroidal, but consisting of a portion of a 
sphere ; and a brass bush might then be fitted into 
the crank eye, that would completely encase the ball 
of the pin, and yet permit the outer end of the paddle 
shaft to fall without straining the pin, the bush being 
at the same time susceptible of a slight end motion. 
The paddle shaft, where it passes through the vesseFs 
side, is usually surrounded by a lead stuffing box, 
which will yield if the end of the shaft falls ; this 
stuffing box prevents leakage into the ship from the 
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paddle wheels; but it is expedient, as a further pre- 
caution, to have a small tank on the ship’s side imme- 
diately beneath the stufEng box, with a pipe leading 
down to the bilge to catch and conduct away any 
water that may enter around the shaft. 

487. Q How is the outer bearing of the paddle 

wheels supplied with tallow ? 

A, — The bearing at the outer end of the paddle 
shaft is sometimes supplied with tallow, forced into a 
hole in the plummer block cover, as in the ease of 
water wheels; but for vessels intended to perform 
long voyages, it is preferable to have a pipe leading 
down to the oil cup above the journal from the top of 
the paddle box, through which pipe oil may at any 
time be supplied. 

488. Q. — Will you explain the method of putting 
engines into a steam vessel ? 

A. — As an illustration of this operation it may be 
advisable to take the case of a side lever engine, and 
the method of proceeding is as follows; — First 
measure across from the inside of paddle bearers to 
the centre of the ship, to make sure that the central 
line, running in a fore and aft direction on the deck 
or beams, usually drawn by the carpenter, is really in 
the centre. Stretch a line across between the paddle 
bearers in the direction of the shaft ; to this line, in 
the centre of the ship where the fore and aft mark 
has been made, apply a square with arms six or eight 
feet long, and bring a line stretched perpendicularly 
from the deck to the keelson, accurately to the edge 
of the square ; the lower point of the lino where it 
touches the keelson will be immediately beneath the 
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marks made upon the deck. If this point docs not 
come in the centre of the keelson, it will be better to 
shift it a little, so as to bring it to the centre, altering 
the mark upon the deck correspondingly, provided 
either paddle shaft will admit of this being done — 
one of the paddle brackets being packed behind with 
wood, to give it an additional projection from the 
side of the paddle bearer. Continue the line fore and 
aft upon the keelson as nearly as can be judged in 
the centre of the ship ; stretch another line fore and 
aft through the mark upon the deck, and look it out 
of winding with the line upon the keelson. Fix 
upon any two points equally distant from the centre, 
in the line stretched transversely in the direction of 
the shaft; and from those points, as centres, and 
with any convenient radius, sweep across the fore and 
aft line to see that the two are at right angles ; and, 
if not, shift the transverse line a little to make them 
so. From the tran verse line next let fall a line upon 
each outside keelson, bringing the edge of the square 
to the line, the other edge resting on the keelson. A 
point will thus be got on each outside keelson per- 
pendicularly beneath the transverse line running in 
the direction of the shaft, and a line drawn between 
those two points will be directly below the shaft. To 
this line the line of the shaft marked on the sole 
plate has to be brought, care being taken, at the same 
time, that the right distance is preserved between the 
fore and aft line upon the sole plate, and the fore and 
aft line upon the central keelson. 

489. Q. — Of course the keelsons have first to be 
properly prepared ? 
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-4, — In a wooden vessel, before any part of the 
machinery is put in, the keelsons should be dubbed fair 
and straight, and be looked out of winding by means 
of two straight edges. The art of placing engines in 
a ship is more a piece of plain common sense than any 
other feat in engineering, and every man of intelli- 
gence may easily settle a method of procedure for him- 
self. Plumb lines and spirit levels, it is obvious, can- 
not be employed on board a vessel, and the problem 
consists in so placing the sole plates, without these 
aids, that the paddle shaft will not stand awry across 
the vessel, nor be carried forward beyond its place by 
the framing shouldering up more than was expected. 
As a plumb line cannot be used, recourse must be had 
to a square ; and it will signify nothing at what angle 
with the deck the keelsons run, so long as the line of 
the shaft across the keelsons is squared down from the 
shaft centre. The sole plates being fixed, there is no 
dilliculty in setting the other parts of the engine in 
their proper places upon them. The paddle wheels 
must be hung from the top of the paddle box to enable 
the shaft to be rove through them, and the cross stays 
between the engines should be fixed in when the vessel 
is afloat. To try whether the shafts are in a line, 
turn the paddle wheels, and try if the distance between 
the cranks is the same at the upper and under, and 
the two horizontal centres ; if not, move the end of the 
paddle shaft up or down, backwards or forwards, 
until the distance between the cranks at all the four 
centres is the same. 

490. Q. — In what manner are the engines of a 
steam vessel secured to the hull ? 



to mako such of the bolts as pass through the bottom, 
or enter the bilge, of Muntz’s metal, or of copper. In 
a side lever engine, four Muntz’s metal bolts may be 
put through the bottom at the crank end of the framing 
of each engine, four more at the main centre, and four 
more at the cylinder, making twelve through bolts to 
each engine ; and it is more convenient to mako tliese 
bolts with a nut at each end, as in that case the bolts 
may be dropped clown from the inside, and the necessity 
is obviated of ; fitting tlie vessel on very high blocks 
in the dock, in order to give room to put the bolts up 
from the bottom. The remainder of the holding down 
bolts may be of iron, and may, by means of a square 
neck, be screwed into the timber of the keelsons as 
w^ood screws — the upper part being furnished -with a 
ntit which may be screwed down upon the sole plate, 
so soon as the wood screw portion is in its place. If 
the cylinder he a fixed one it should be bolted down 
to the sole plate by as many bolts as are employed to 
attach the cylinder cover, and they should be of 
copfier or brass, in any situation that is not easily 
accessible. 



PROPER PROPORTIONS OF BOLTS. 


329 


491. Q. — If the engines become loose, how do you 
refix them ? 

A. — It is difficult to fix engines effectually which 
have once begun to work in the ship, for in time the 
surface of the keelsons on which the engines bear be- 
comes worn uneven, and the engines necessarily rock 
upon it. As a general rule, the bolts attaching tlie 
engines to the keelsons are too few and of too large a 
diameter : it would be preferable to have smaller bolts, 
and a greater number of them. In addition to the 
bolts going through the keelsons or the vesseFs 
bottom, there should be a large number of wood 
screws securing the sole plate to the keelson, and a 
large number of bolts securing the various parts of the 
engine to the sole plate. In iron vessels, holding 
down bolts passing through the bottom are not ex- 
pedient; and there the engine has merely to be 
secured to the iron plate of the keelsons, which are 
made hollow to admit of a more effectual attachment. 

492. Q , — What are the proper proportions of bolts ? 

A, — In well formed bolts, the spiral groove pene- 
trates about one-twelfth of the diameter of the cylinder 
round which it winds, so that the diameter of the 
solid cylinder which remains is five-sixths of the dia- 
meter over the thread. If the strain to which iron 
may be safely subjected in machinery is one-fifteenth 
of its utmost strength, or 4000 lbs. on the square inch, 
then 2180 lbs. may be sustained by a screw an inch 
in diameter, at the outside of the threads. The 
strength of the holding down bolts may easily be com- 
puted, when the elevating force of the piston or main 
centre is known ; but it is expedient very much to 
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exceed this strength in practice, on account of the 
elasticity of the keelsons, the liability to corrosion, 
and other causes. 

THE LOCOMOTIVE ENGINE. 

493. Q. — What is the amount of tractive force 
requisite to draw carriages on railways ? 

A. — Upon well formed railways with carriages of 
good construction, the average tractive force required 
lor low speeds is about lbs. per ton, or ^-J^^th of the 
load, though in some experimental cases, where par- 
ticular care was taken to obtain a favourable result, 
the tractive force has been reduced as low as -s-J-oth of 
the load. At low speeds the whole of the tractive force 
is expended in overcoming the friction, which is made 
up partly of the friction of attrition in the axles, and 
partly of the rolling friction, or the obstruction to the 
rolling of the wheels upon the rail. The rolling 
friction is very small wlien the surfaces are smooth, 
and in the case of railway carriages does not exceed 
-j-j^th of the load ; whereas the draught on common 
roads of good construction, which is chiefly made up 
of the rolling friction, is as much as y^th of the load. 

494. Q. — In reference to friction you have already 
stated that the friction of iron sliding upon brass, 
which has been oiled and then wiped dry, so that no 
him of oil is interposed, is about -j’yth of the pressure, 
but that in machines in actual operation, where there 
is a film of oil between the rubbing surfaces, the 
friction is only about one-third of this amount, or 

of the weight. How then can the tractive resistance 
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of locomotives at low speeds, which you say is en- 
tirely made up of friction, be so little as y^th of the 
weight ? 

A. — I did not state that the resistance to traction 
v/as 3 ^th of the weight upon an average — to which 
condition the answer given to a previous question 
must be understood to apply — but I stated that the 
average traction was about load, wliich 

nearly agrees with my former statement. If the total 
friction be ^<jth of the load, and the rolling friction 
be load, then the friction of attrition 

must be ^^th of the load ; and if the diameter of tho 
wheels be 36 in., and the diameter of the axles be 3 in., 
which are common proportions, the friction of attri- 
tion must be increased in the proportion of 36 to 3, or 
12 times, to represent the friction of the rubbing 
surface when moving with the velocity of the carriage, 
gr^gths are about ^th of the load, which does not 
differ much from the proportion of ^^^d, as previously 
determined. 

495. (?. — What is the amount of adhesion of the 
wheels upon the rails ? 

A. — The adhesion of the wheels upon the rails is 
about l^tli of the weight when the rails are clean, oi 
either perfectly wet or perfectly dry ; but when the 
rails are half wet or greasy, the adhesion is not more 
than or ^^th of the weight or pressure upon the 
wheels. The weight of a locomotive of modern con- 
struction varies from 20 to 25 tons. 

496. Q. — And what is its cost and average per- 
formance ? 

A. — The cost of a common narrow gauge loco- 
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motive, of average power, varies from 1900/, to 
2200/. ; it will run on an average 130 miles per day, 
at a cost for repairs of per mile ; and the cost of 
locomotive power, including repairs, wages, oil, and 
coke, does .not much exceed 6e/. per mile run, on 
economically managed railways. This does not in- 
clude a sinking fund for the renewal of the engines 
when worn out, which may be taken as equivalent to 
10 per cent, on their original cost. 

497. Q. — Does the expense of traction increase 
much with an increased speed ? 

A, — Yes ; it increases very rapidly, partly from the 
undulation of the earth when a heavy train passes 
over it at a high velocity, but chiefly from the resist- 
ance of the atmosphere and blast pipe, which constitute 
the greatest of the impediments to motion at high 
speeds. At a speed of 30 miles an hour, the atmo- 
spheric resistance has been found in some cases to 
amount to about 12 lbs. a ton ; and in side winds the 
resistance evcii exceeds this amount, partly in conse- 
quence of the additional friction caused from the 
flanges of the wheels being forced against the rails, 
and partly because the wind catches to a certain extent 
the front of every carrriage, whereby the efficient 
breadth of each carriage, in giving motion to the air 
in the direction of the train, is very much increased. 
At a speed of 30 miles an hour, an engine evaporating 
200 cubic feet of water in the hour, and therefore 
<‘xerting about 200 horses power, will draw a load of 
110 tons. Taking the friction of the train at 7^ lbs. 
per ton, or 825 lbs. operating at the circumference of 
the driving wheel, — which, with 5 ft. 6 in. wheels, and 
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18 in. Stroke, is equivalent to 4757 lbs. upon the 
piston, — and taking the resistance of the blast pipe at 
6 lbs. per square inch of the pistons, and the friction 
of the engine unloaded at 1 lb. per square inch, which, 
with pistons 12 in. in diameter, amount together to 
1582 lbs., and reckoning the increased friction of the 
engine due to the load at ^-th of the load, as in some 
cases it has been found experimentally to be, though 
a much less proportion than this would probably be a 
nearer av^erage, we have 7018'4lbs. for the total load 
upon the pistons. At 30 miles an hour the speed of 
the pistons will be 457*8 feet per minute, and 
7018*4 lbs. multiplied by 457*8 ft. per minute, are 
equal to 3213023*5 lbs. raised one foot high in the 
minute, which, divided by 33,000, gives 97*3 horses 
power as the power which would draw 110 tons upon 
a railway at a speed of 30 miles an hour, if there were 
no atmospheric resistance. The atmospheric resist- 
ance is at the rate of 12 lbs. a ton, with a load of 110 
tons, equal to 1320 lbs., moving at a speed of 30 miles 
an hour, which, when reduced, becomes 105*8 horses 
power, and this, added to 97*3 makes 203*1, instead of 
200 horses power, as ascertained by a reference to the 
evaporative power of the boiler. This amount of at- 
mospheric resistance, however, exceeds the average, 
and in some of the experiments for ascertaining the 
atmospheric resistance, a part of the resistance due to 
the curves and irregularities of the line has been 
counted as part of the atmospheric resistance. 

498. Q. — Is the resistance per ton of the engine 
the same as the resistance per ton of the train ? 

No ; it is more, since the engine has not merely 
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the resistance of the atmosphere and of the wheels to 
encounter, but the resistance of the machinery besides. 
According to Mr. Gooch’s experiments upon a train 
weighing 100 tons, the resistance of the engine and 
tender at 13*1 miles per hour was found by the indi- 
cator to be 12*38 lbs ; the resistance per ton of the 
train, as ascertained by the dynamometer, was at the 
same speed 7*56 lbs., and the average resistance 
of locomotive and train was 9*04 lbs. At 20*2 miles 
per hour these resistances respectively became 19*0, 
8*19, and 12*2 lbs. At 44*1 miles per hour the resist- 
ances became 34*0, 21*10, and 25*5 lbs., and at 57*4 
miles an hour they became 35*5, 17*81, and 23*8 lbs, 

499. Q, — Is it not maintained that the resistance 
of the atrnosphere to the progress of railway trains 
increases as the square of the velocity ? 

A . — The atmospheric resistance, no doubt, increases 
as the square of the velocity, and the power, therefore, 
necessary to overcome it will increase as the cube of 
the velocity, since in doubling the speed four times, 
the power must be expended in overcoming the atmo- 
spheric resistance in half the time. At low speeds, 
the resistance does not increase very rapidly ; but at 
high speeds, as the rapid increase in the atmospheric 
resistance causes the main resistance to be that arising 
from the atmosphere, the total resistance will vary 
nearly as the square of the velocity. Thus the resist- 
ance of a train, including locomotive and tender, will, 
at 15 miles an hour, be about 9*3 lbs. per ton ; at 30 
miles an hour it will be 13*2 lbs. per ton ; and at 60 
miles an hour 29 lbs. per ton. If we suppose the«ame 
law of progression to continue up to 120 miles an hour, 
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the resistance at that speed will be 92*2 lbs. per ton, 
and at 240 miles an hour the resistance will be 
344-8 lbs. per ton. Thus, in doubling the speed from 
60 to 120 miles per hour, the resistance docs not fall 
much short of being increased fourfold, and the same 
remark applies to the increase of the speed from 120 
to 240 miles an hour. These deductions and other 
deductions from Mr. Gooch’s experiments on the 
resistance of railway trains, are fully discussed by 
Mr. Clark, in his Treatise on railway machinery, who 
gives the following rule for ascertaining the resistance 
of a train, supposing the lino to be in good order, and 
free from curves : — To find the total resistance of the 
engine, tender, and train in pounds per ton, at any 
given speed. Square the speed in miles per hour; 
divide it by 171, and add 8 to the quotient. The 
result is the total resistance at the rails in lbs. per ton. 

500. Q. — How comes it, that the resistance of 
fluids increases as the square of the velocity, instead 
of the velocity simply ? 

A , — Because the height necessary to generate the 
velocity with which the moving object strikes the 
fluid, or the fluid strikes the object, increases as the 
square of the velocity, and the resistance or the weight 
of a column of any fluid varies as the height. 
A falling.body, as has been already explained, to have 
acquired twice the velocity, must have fallen through 
four times the height ; the velocity generated by a 
column of any fluid is equal to that acquired by a body 
falling through the height of the column ; and it is 
therefore clear, that the pressure due to any given 
velocity must be as the square of that velocity, the 
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pressure being in every case as twice the altitude 
of the column. The work done, however, by a stream 
of air or other fluid in a given time, will vary as the 
cube of the velocity ; for if the velocity of a stream of 
air be doubled, there will not only be four times the 
pressure exerted per square foot, but twice the quan- 
tity of air will be employed ; and in windmills, accord- 
ingly, it is found, that the work done varies nearly as 
the cube of the velocity of the wind. If, however, the 
work done by a given quantity of air moving at dif- 
ferent speeds be considered, it will vary as the squares 
of the speeds. 

501. Q. — But in a case where there is no work 
done, and the resistance varies as the square of the 
speed, should not the power requisite to overcome that 
resistance vary as tlie square of the speed ? 

A , — It should if you consider the resistance over a 
given distance, and not the resistance during a given 
time. Supposing the resistance of a railway train to 
increase as the square of the speed, it would take four 
times the power, so far as atmospheric resistance is 
concerned, to accomplish a mile at the rate of 60 miles 
an hour, that it would take to accomplish a mile at 30 
miles an hour ; but in the former case there would be 
twice the number of miles accomplished in the same 
time, so that when the velocity of the train was 
doubled, we should require an engine that was capable 
of overcoming four times the resistance at twice the 
speed, or in other words, that was capable of exerting 
eight times the power, so far as regards the element 
of atmospheric resistance. We know by experience, 
however, that it is easier to attain high speeds on rail- 
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ways than in steam vessels, where the resistance does 
increase nearly as the square of the speed. 

502. Q. — Will you describe generally the arrange- 
ment of a locomotive engine ? 

A , — The boiler and engine are hung upon a frame- 
work set on wheels, and, together with this frame or 
carriage, constitute what is commonly called the loco- 
motive. Behind the locomotive runs another carriage, 
called the tender, for holding coke and water. A 
common mode of connecting the engine and tender is 
by means of a rigid bar, with an eye at each end 
through which pins are passed. Between the engine 
and tender, however, buffers should always be inter- 
posed, as their pressure contributes greatly to pre- 
vent oscillation and other irregular motions of the 
engine. 

503. Q, — How is the framing of a locomotive 
usually constructed ? 

A . — All locomotives are now made with the framing 
which supports the machinery situated within the 
wheels ; but for some years a vehement controversy 
was maintained respecting the relative merits of out- 
side and inside framing, wdiich has terminated, how- 
ever, in the universal adoption of the inside framing. 
It is difficult, in engines intended for the narrow 
gauge, to get cylinders within the framing of suffi- 
cient diameter to meet the exigencies of railway loco- 
motion ; by casting both cylinders in a piece, however, 
a considerable amount of room may be made available 
to increase their diameters. It is very desirable that 
the cylinders of locomotives should be as large as 
possible, so that expansion may be adopted to a large 
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extent ; and with any given speed of piston, the power 
of an engine either to draw heavy loads, or achieve 
high velocities, will be increased with every increase 
of ‘the dimensions of the cylinder. The framing of 
locomotives, to which the boiler and machinery are 
attached, and which rests upon the springs situated 
above the axles, is formed generally of malleable iron, 
but in some engines the side frames consist of oak 
with iron plates riveted on each side. The guard 
plates are in these cases generally of equal length, the 
frames being curved upwards to pass over the driving 
axle. Hard cast iron blocks are riveted between the 
guard plates to serve as guides for the axle bushes. 
The side ft’ames are connected across at the ends, and 
cross stays are introduced beneath the boiler to stiffen 
the frame sideways, and prevent the ends of the con- 
necting or eccentric rods from falling down if they 
should be broken. 

504. Q. — What is the nature and arrangement of 
the springs of locomotives ? 

A . — . The springs are* of the ordinary carriage kind, 
with plates connected at the centre, and allowed to 
slide on each other at their ends. The upper plate 
terminates in two eyes, through each of which passes 
a pin, which also passes through the jaws of the bridle, 
connected by a double threaded screw to another 
bridle, which is jointed to the framing ; the centre of 
the spring rests upon the axle box. Sometimes the 
springs are placed between the guard plates, and 
below the framing which rests upon their extremities. 
One species of spring which has gained a considerable 
introduction^ consists of a number of dat steel plates 
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with a piece of metal or other substance interposed 
between them at the centre, leaving the ends standing 
apart. It would be preferable, perhaps, to make the 
plates of a common spring with different curves, so 
that the leaves, though in contact at the centre, would 
not be in contact at the ends with light loads, but 
would be brought into contact gradually, as the strain 
comes on : a spring would thus be obtained that was 
suitable for all loads. 

505. Q. — What is the difference between inside 
and outside cylinder engines ? 

A. — Outside cylinders are so designated when 
placed upon the outside of the framing, with their 
connecting rods operating upon pins in the driving 
wheels ; while the inside cylinders are situated within 
the framing, and the connecting rods attach themselves 
to cranks in the driving axle. 

506. Q. — Whether are inside or outside cylinder 
engines to be preferred ? 

A, — A diversity of opinion obtains as to the rela- 
tive merits of outside and inside cylinders. The chief 
objection to outside cylinders is, that they occasion a 
sinuous motion in the engine which is apt to send the 
train off the rails ; but this action may be made less 
perceptible or be remedied altogether, by placing a 
weight upon one side of the wheels, the momentum of 
which will just balance the momentum of the piston 
and its connections. The sinuous or rocking motion 
of locomotives is traceable to the arrested momentum 
of the piston and its attachments at every stroke of 
the engine, and the effect of the pressure thus created 
will be more operative in inducing oscillation the far- 
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ther it is exerted from the central line of the engine. 
If both cylinders were set at right angles in the centre 
of the carriage, and the pistons were both attached to 
a central crank, tliere would be no oscillation pro- 
duced ; or the same effect would be realised by placing 
one cylinder in the centre of the carriage, and two at 
the sides — the pistons of the side cylinders moving 
simultaneously; but it is impossible to couple the 
piston of an upright cylinder direct to the axle of a 
locomotive, without causing the springs to work up 
and down with every stroke of the engine : and the 
use of three cylinders, though adopted in some of 
Stephenson’s engines, involves too much complication 
to be a beneficial innovation. 

507. Q. — Whether are four-wheeled or six-wheeled 
engines preferable ? 

A, — Much controversial ingenuity has been ex- 
pended upon the question of the relative merits of the 
four and six-wiieeled engines ; one party maintaining 
that four-wheeled engines are most unsafe, and the 
other that six-wheeled engines are unmechanical, and 
are more likely to occasion accidents. The four- 
wheeled engines, however, appear to have been 
charged with faults that do not really attach to them 
when properly constructed ; for it by no means follows 
that if the axle of a four-wheeled engine breaks, or 
even altogether comes away, that the engine must fall 
down or run off the line ; inasmuch as, if the engine 
be properly coupled with the tender, it has the tender 
to sustain it. It is obvious enough, that such a con- 
nection may be made between the tender and the 
engine, that either the fore or hind axle of the engine 
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may be taken away, and yet the engine will not fall 
down, but will be kept up by the support which the 
tender affords ; and the arguments hitherto paraded 
against tlie four-wheeled engines are, so far as regards 
the question of safety, nothing more than arguments 
against the existence of the suggested connection. It 
is no doiibt the fact, that locomotive engines are now 
becoming too heavy to be capable of being borne oii 
four wheels at high speeds witliout injury to th<'> rails ,* 
but the objection of damage to the rails applies witli 
at least equal force to most of the six-wheeled engines 
hitherto constructed, as in those engines the engineer 
has the power of putting nearly all the weight upon 
the driving wheels ; and if the rail be wet or greasy, 
there is a great temptation to increase the bite of 
those wlieels by screwing them down more firmly 
upon the rails. A greater strain is thus thrown upon 
the rail than can exist in the case of any equally 
heavy four-wheeled engine ; and the engine is made 
very unsafe, as a pitching motion will inevitably be 
induced at high speeds, when an engine is thus poised 
upon the central driving wheels, and there will also 
be more of the rocking or sinuous motion. Locomo- 
tives, however, intended to achieve high speeds or to 
draw heavy loads, are now generally made with eiglit 
wheels, and in some cases the driving wheels are 
placed at the end of the engine instead of in the 
middle. 

508. Q. — As the question of the locomotive boiler 
has been already disposed of in discussing the question 
of boilers in general, it now only remains to inquire 
into the subject of the engine, and we may commence 
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with the cylinders. Will you state the arrangement 
and construction of the cylinders of a locomotive and 
their connections ? 

A . — The cylinders are placed in the same horizontal 
plane as the axle of the driving wheels, and the con- 
necting rod which is attached to the piston rod en- 
gages either a crank in the driving axle or a pin in 
the driving wheel, according as the cylinders are 
inside or outside of the framework. The cylin- 
ders are generally made an inch longer than the 
stroke, or there is half an inch of clearance at each 
end of the cylinder, to permit the springs of the 
vehicle to act without causing the piston to strike the 
top or bottom of the cylinder. The thickness of 
metal of the cylinder ends is usually about a third 
more than the thickness of the cylinder itself, and 
both ends are generally made removable. The 
priming of the boiler, when it occurs, is very injurious 
to the cylinders and valves of locomotives, especially if 
the water be sandy, as the grit carried over by the steam 
wears the rubbing surfaces rapidly away. The face 
of the cylinder on which the valve works is raised a 
little above the metal around it, both to facilitate the 
operation of forming the face and with the view of 
enabling any foreign substance deposited on the face 
to be pushed aside by the valve into the less elevated 
part, where it may lie without occasioning any further 
disturbance. The valve casing is sometimes cast 
upon the cylinder, and it is generally covered with a 
door which may be removed to permit the inspection 
of the faces. In some valve casings the top as well as 
the back is removable, which admits of the valve 
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and valve bridle being removed with greater facility. 
A cock is placed at each end of locomotive cylinders, 
to allow the water to be discharged which accumulates 
in the cylinder from priming or condensation ; and 
the four cocks of the two cylinders are usually con- 
nected together, so that by turning a handle the 
whole are opened at once. In Stephenson’s engines, 
however, with variable expansion, there is but one 
cock provided for this purpose, which is on the bottom 
of the valve chest. 

509. Q. — What kind of piston is used in locomo- 
tives ? 

A . — The variety of pistons employed in locomotives 
is very great, and sometimes even the more compli- 
cated kinds are found to work very satisfactorily; 
but, in general, those pistons which consist of a single 
ring and tongue piece, or of two single rings set one 
above the other, so as to break joint, are preferable to 
those which consist of many pieces. In Stephenson’s 
pistons the screws were at one time liable to work 
slack, and the springs to break. 

510. Q. — Will you explain the connection of the 
piston rod with the connecting rod ? 

A , — The piston rods of all engines are now gene- 
rally either case hardened very deeply, or are made of 
steel ; and in locomotive engines the diameter of the 
piston rod is about one-seventh of the diameter of the 
cylinder, and it is formed of tilted steel. The cone of 
the piston rod, by which it is attached to the piston, 
is turned the reverse way to that which is adopted in 
common engines, with the view of making the cutter 
mere accessible from the bottom of the cylinder, which 
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is made to come off like a door. The top of the piston 
rod is secured with a cutter into a socket with jaws, 
through the holes of which a cross head passes, which 
is embraced between the jaws by the small end of the 
connecting rod, while the ends of the cross head move 
in guides. Between the piston rod clutch and the 
guide blocks, the feed pump rod joins the cross head 
in some engines. 

511. Q. — What kind of guides is employed for the 
end of tlie piston rod ? 

A . — The guides are formed of steel plates attached 
to the framing, between which work the guide blocks, 
fixed on the ends of the cross head, which have flanges 
bearing against the inner edges of the guides. Steel 
or brass guides are better than iron ones : Stephenson 
and Hawthorn attach their guides at one end to a 
cross stay, at the other to lugs on the cylinder cover ; 
and they are made stronger in the middle than at the 
ends. Stout guide rods of steel, encircled by stuffing 
boxes on the ends of the cross head, would probably be 
found superior to any other arrangement. The stuff- 
ing boxes might contain conical bushes, cut spirally, 
in addition to the packing, and a ring, cut spirally, 
might be sprung upon the rod and fixed in advance of 
the stuffing box, with lateral play to wipe the rod 
before entering the stuffing box, to prevent it from 
being scratched by the adhesion of dust. 

512. Q. — Is any provision made for keeping the 
connecting rod always of the same length? 

A . — In every kind of locomotive it is very desirable 
tliat the length of the connecting rod should remain 
invariable, in spite of the wear of the brasses, for there 
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is a danger of the piston striking against the cover of 
the cylinder if it be shortened, as the clearance is left 
as small as possible in order to economise steam. In 
some engines the strap encircling the crank pin is fixed 
immovably to the connecting rod by dovetailed keys, 
and a bolt passes through the keys, rod, and strap, to 
prevent the dovetail keys from working out. The 
brass is tightened by a gib and cutter, which is kept 
from working loose by three pinching screws and a 
cross pin or cutter through the point. The effect of 
this arrangement is to lengthen the rod, but at the 
cross head end of the rod the elongation is neutralised 
by making the strap loose, so that in tightening the 
brass the rod is shortened by an amount equal to its 
elongation at the crank pin end. The tightening 
here is also effected by a gib and cutter, which is kept 
from working loose by two pinching screws pressing 
on the side of the cutter. Both journals of the con- 
necting rod are furnished with oil cups, having a 
small tube in the centre with siphon wicks. TIkj 
connecting rod is a thick flat bar, with its edges 
rounded. 

513. Q. — IIow is the cranked axle of locomotives 
constructed ? 

A. — The cranked axle of locomotives is always 
made of wrought iron, with two cranks forged upon 
it towards the middle of its length, at a distance from 
each other answerable to the distance between the 
cylinders. Bosses are made on the axle for tho 
wheels to be keyed upon, and bearings for the support 
of the framing. The axle is usually forged in two 
pieces, which are afterwards welded together. Some- 
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times the pieces for the cranks are put on separately, 
but the cranks so made are liable to give way. In 
engines with outside cylinders the axles are made 
straight — the crank pins being inserted in the naves 
of the wheels. The bearings to which the connecting 
rods are attached are made with very large fillets in 
the corners, so as to strengthen the axle in that part, 
and to obviate side play in the connecting rod. In 
engines which have been in use for some time, how- 
ever, there is generally a good deal of end play in the 
bearings of the axles themselves, and this slackness 
contributes to make the oscillation of the engine more 
violent ; but this evil may be remedied by making the 
bearings spheroidal, whereby end play becomes im- 
possible. 

514. y. — How are the bearings of the axles ar- 
ranged ? 

A . — The axles bear only against the top of the axle 
boxes, which are generally of brass ; but a plate 
extends underneath the bearing, to prevent sand from 
being thrown upon it. The upper part of the box in 
most engines has a reservoir of oil, which is supplied 
to the journal by tubes with siphon wicks. Stephen- 
son uses cast iron axle boxes with brasses, and grease 
instead of oil ; and the grease is fed upon the journal 
by the heat of the bearing melting it, whereby it is 
made to flow down through a hole in the brass. Any 
engines constructed with outside bearings have inside 
bearings also, which are supported by longitudinal 
bars, which serve also in some cases to support the 
piston guides ; these bearings are sometimes made so 
as not to touch the axles unless they break. 
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515. Q. — How are the eccentrics of a locomotive 
constructed ? 

A . — In locomotives the body of the eccentric is of 
cast iron, in inside cylinder engines the eccentrics are 
set on the axle between the cranks, and they are put 
on in two pieces held together by bolts; but in 
straight axle engines the eccentrics are cast in a piece, 
and are secured on the shaft by means of a key. The 
eccentric, when in two pieces, is retained at its proper 
angle on the sliaft by a pinching screw, which is pro- 
vided with a jam nut to prevent it from working 
loose. A piece is left out of the eccentric in easting 
it to allow of the screw being inserted, and the void 
is afterwards filled by inserting a dovetailed piece of 
metal. Stephenson and Hawthorn leave holes in 
their eccentrics on each side of the central arm, and 
they apply pinching screws in each of these holes. 
The method of fixing the eccentric to the shaft by 
a pinching screw is scarcely sutliciently substantial ; 
and cases are perpetually occurring, when this method 
of attachment is adopted, of eccentrics shifting from 
iheir place. In the modern engines the eccentrics are 
forged on the axles. 

516. Q . — Ho ware the eccentric straps constructed? 

A, — The eccentric hoops are generally of wrought 

iron, as brass hoops are found liable to break. When 
formed of malleable iron, one half of the strap is 
forged with the rod, the other half being secured to it 
by bolts, nuts, and jam nuts. Pieces of brass are, in 
some cases, pinned within the malleable iron hoop ; but 
it appears to be preferable to put brasses within the 
hoop to encircle the eccentric, as in the case of any 
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other bearing. When brass straps are used, the lugs 
have generally nuts on both sides, so that the length 
of the eccentric rod may be adjusted by their means to 
the proper length ; but it is better for the lugs of the 
hoops to abut against the necks of the screws, and, if 
any adjustment be necessary from the wear of the 
straps, wasliers can be inter[)osed. In some engines 
the adjustment is effected by screwing the valve rod, 
and the cross head through which it passes has a nut 
on either side of it, by Avhich its position upon the 
valve rod is determined. 

517. Q Will you describe the eccentric rod and 

valve levers ? 

A, — In the engines in use before the introduction 
of the link motion, the forks of the eccentric rod were 
of steel, and the length of the eccentric rod was the 
distance between the centre of the crank axle and the 
centre of the valve shaft ; but in modern engines the 
use of the link motion is universal. The valve lever 
in locomotives is usually longer than the eccentric 
lever, to increase the travel of tlie valve, if levers are 
employed ; but it is better to connect the valve rod 
to the link of the link motion without the intervention 
of levers. The pins of the eccentric lever in the old 
engines used to wear quickly ; Stephenson used to put 
a ferule of brass on these pins, which being loose, and 
acting like a roller, facilitated the throwing in and out 
of gear, and when worn could easily be replaced, so 
that there was no material derangement of the motion 
of the valve from play in this situation. 

518. Q. — What is the arrangement of a starting 
lever ? 
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A. — The starting lever travels between two iron 
segments, and can be fixed in any desired position. 
This is done by a small catch or bell crank, jointed to 
the bottom of the handle at the end of the lever, and 
coming up by the side of the handle, but pressed out 
from it by a spring. The smaller arm of this bel! 
crank is jointed to a bolt, which shoots into notches, 
made in one of the segments between which the lever 
moves. By pressing the bell crank against tlie liandle 
of the lever the bolt is withdrawn, and the lever may 
be shifted to any other point, when, the spring being 
released, the bolt flies into the nearest notch. 

519. Q. — In what way does the starting handle act 
on the machinery of the engine to set it in motion ? 

A, — Its whole action lies in raising or depressing 
the link of the link motion relatively with the valve 
rod. If the valve rod be attached to the middle of the 
link, the valve will derive no motion from it at all, 
and the engine will stop. If the attachment be slipped 
to one end of the link the engine will go ahead, and if 
slipped to the other end it will go astern. The start- 
ing handle merely achieves this change of position. 

520. Q, — Will you explain the operation of setting 
the valve of a locomotive ? 

A . — In setting the valves of locomotives, place the 
crank in the position answerable to the end of the 
stroke of the piston, and draw a straight line, repre- 
senting the centre line of the cylinder, through the 
centres of the crank shaft and crank pin. From the 
centre of the shaft describe a circle with the diameter 
equal to the throw of the valve ; another circle to re- 
present the crank shaft ,* and a third circle to repre- 
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sent the path of the crank pin. From the centre of 
the crank shaft, draw a line perpendicular to the centre 
line of the cylinder and crank shaft, and draw another 
perpendicular at a distance from the first equal to the 
amount of the lap and the lead of the valve : the points 
in which this line intersects the circle of the eccentric 
are the points in which the centre of the eccentric 
should be placed for the forward and reverse motions. 
When the eccentric rod is attached directly to the 
valve, the radius of the eccentric, which precedes the 
crank in its revolution, forms with the crank an ob- 
tuse angle ; but when, by the intervention of levers, 
the valve has a motion opposed to that of the eccentric 
rod, the angle contained by the crank and the radius 
of the eccentric must be acute, and the eccentric must 
follow the crank: in other words, with a direct at- 
tachment to the valve the eccentric is set more than 
one-fourth of a revolution in advance of the crank, and 
with an indirect attachment the eccentric is set less 
than one-fourth uf a circle behind the crank. If the 
valve were without lead or lap the eccentric would be 
exactly one-fourth of a circle in advance of the crank 
or behind the crank, according to the nature of the 
valve connection ; but as the valve would thus cover 
the port by the amount of the lap and lead, the eccen- 
tric must be set forward so as to open the port to the 
extent of the lap and lead, and this is efifected by the 
plan just described. 

521 . Q. — In the event of the eccentrics slipping 
round upon the shaft, which you stated sometimes 
happens, is it necessary to perform the operation of 
setting the valve as you have just described it ? 
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A. — If the eccentrics shift upon the shaft, they 
may be easily refixed by setting the valve open the 
«amount of the lead, setting the crank at the end of the 
stroke, and bringing round the eccentric upon the 
shaft till the eccentric rod gears with the valve. It 
would often be troublesome in practice to get access 
to the valve for the purpose of setting it, and this 
may be dispensed with if the amount of lap on the 
valve and the length of the eccentric rod be known. 
To this end draw upon a board two straight lines at 
right angles to one another, and from their point of 
intersection as a centre describe two circles, one re- 
presenting the circle of the eccentric, the other the 
crank shaft ; draw a straight line parallel to one of 
the diameters, and distant from it the amount of the 
lap and the lead ; the points in which this parallel in- 
tersects the circle of the eccentric are the positions of 
the forward and backward eccentrics. Through these 
points draw straight lines from the centre of the circle, 
and mark the intersection of these lines with the 
circle of the crank shaft ; measure with a pair of com- 
passes the chord of the arc intercepted between either 
of these points, and the diameter which is at right 
angles with the crank, and the diameters being first 
marked on the shaft itself, then by transferring with 
the compasses the distance found in the diagram, and 
marking the point, the eccentric may at any time be 
adjusted without difficulty. 

522. Q. — Will you describe the structure and ar- 
rangement of the feed pumps of locomotive engines ? 

A, — The feed pumps of locomotives are generally 
made of brass, but the plungers are sometimes made 
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of iron, and are generally attached to the piston cross 
head, though in Stephenson’s engines they are worked 
by rods attached to eyes on the eccentric hoops. There 
is a hall valve between the pump and the tender, and 
two usually in the pipe leading from the pump to the 
boiler, besides a cock close to the boiler, by which the 
pump may be shut olf from the boiler in case of any 
accident to the valves. The ball valves are guided 
by four bi’anches, which rise vertically, and join to- 
gether at the top in a hemispherical form. The shocks 
of th(j ball against this cap have in some cases broken 
it alter one Aveek’s work, from the top of the cage 
having been flat, and the branches not having had 
their junction at the top properly filleted. Tlicse 
valve guards are attached in different ways to the 
pipes ; when one occurs at the junction of two pieces 
of pipe it has a flange, which along with the flanges of 
tlic pi])es and tJjat of tlie valve seat arc held togethdr 
by a union joint. It is sometimes formed with a 
thread at the under end, and screwed into the pipe. 
The balls are cast hollow to lessen the shock, as tvell 
as to save the metal. In some cases where the feed 
pump plunger has been attached to the cross liead, 
tlie piston rod has been bent by the strain ; and that 
must in all cases occur, if the communication betAveen 
tlie pump and boiler be closed when the engine is 
started, and there be no escape valve for the water. 

523. Q. — Are none but ball valves used in the 
feed pump ? 

A. — Spindle valves have in some cases been used 
instead of ball valves, but they are more subject to 
derangement; but piston valves, so contrived as to 
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sliut a portion of water in the cage when about to 
close, might be adopted with a great diminution of 
the sudden shock. In all spindle valves opened and 
shut rapidly, it is advisable to have the lower surface 
conical, to take off the sliock of the water ; and a 
large lift of the valve should bo prevented, else much 
of the water during the return stroke of the pump 
will flow out before the valve shuts. Giffard’s 
injectors are now very generally employed to feed 
boilers, instead of pumps, as stated iii the introduction 
to the present work. 

524. Q. — At what part of the boiler is the feed 
water admitted ? 

A. — The feed pipe of most locomotive engines 
enters the boiler near the bottom and about the middle 
of its length. In Stephenson’s engine the water is let 
in at the smoke box end of the boiler, a little below 
the water level ; by this means the heat is more fully 
extracted from the escaping smoke, but the arrange- 
ment is of questionable applicability to engines of 
which the steam dome and steam pipe are at the smoke 
box end, as in that case the entering cold water would 
condense the steam. 

525. Q. — How are the pipes connecting the tender 
and locomotive constructed, so as to allow of play be- 
tween the engine and tender without leakage ? 

A. — The pipes connecting the tender with the 
pumps should allow access to the valves and free mo- 
tion to the engine and tender. This end is attained 
by the use of ball and socket joints ; and, to allow 
some end play, one piece of the pipe slides into the 
other like a telescope, and is kept tight by means of a 



-.4. — The wlioels of a locomotive are always made 
of malleable iron. Tlio driving wheels arc made 
larger lo increase the speed ; the bearing wheels also 
are easier on the road when large. In the goods 
engines the driving wheels are smaller than in the 
passenger engines, and are generally coupled together. 
Wheels are made with much variety in their construe 
tive details : sometimes they are made with cast iron 
naves, with the spokes and rim of wrought iron; but 

* Since tliis recommendation was first given, locomotives have 
been very frequently fitted with donkey engines, or with Gif- 
fard’s injectors, and have also been made to carry water and 
fuel on the locomotive itself. 
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in the best modern wheels the nave is formed of the 
ends of the spokes welded together at the centre. 
When cast iron naves are adopted, the spokes are 
forged out of flat bars with T-forined heads, and are 
arranged radially in the founders* mould, the cast 
iron, when fluid, being poured among them. The 
ends of the T heads are then welded together to 
constitute the periphery of the wheel or inner tire ; 
and little wedge-form pieces are inserted where there 
is any deficiency of iron. In some cases the arms 
are hollow, though of wrought iron ; the tire of 
wrought iron, and the nave of cast iron ; and the 
spokes are turned where they are fitted into the nave, 
and are secured in their sockets by means of cutters. 
Hawthorn makes his wheels with cast iron naves and 
wrought iron rims and arms; but instead of welding 
the arms together, lie make palms on their outer end, 
which are attaclied by rivets to the rim. These 
rivets, however, unless very carefully formed, are apt 
to work loose ; and it would probably be found an 
improvement if the palms were to be slightly indented 
into the rim, in cases in which the palms do not meet 
each other at the ends. When the rim is turned it 
is ready for the tire, which is now made of steel. 

528. Q. — How do you find the length of bar 
necessary for forming a tire ? 

A* — To find the proper length of bar requisite for 
the formation of a hoop of any given diameter, add 
the thickness of the bar to the required diameter, and 
the corresponding circumference in table of circum- 
ferences of circles is the length of the bar. If the 
iron be bent edgewise the breadth of the bar must be 

AA 2 
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added to the diameter, for it is the thickness of the 
bar measured radially that is to be taken into con- 
sideration. In the tires of railway wheels, which 
have a flange on one edge, it is necessary to add not 
only the thickness of the tiro, but also two-thirds of 
the depth of the flange ; generally, however, tlie tire 
bars are sent from the forge so curved that the plain 
edge of the tire is concave, and the flange edge 
convex, while the side which is afterwards to be bent 
into contact with the cylindrical surface of tlie wheel 
is a plane. In this case the addition of the diameter 
of two-thirds of the depth of the flange is unnecessary, 
for the curving of the flange edge has the effect of 
increasing the real length of tlie bar. When the tire 
is thus curved, it is only necessary to add the thick- 
ness of the hoop to the diameter, and tlien to find tlie 
circumference from a table ; or the same result will be 
obtained by multiplying the diameter thus increased 
by the thickncfe- of the hoop by 3'1 4 16. 

529. Q. — How arc the tires attached to the 
wheels ? 

A , — The materials for w’heel tires are first swaged 
separately, and then welded together under the heavy 
hammer at the steel works ; after which they are bent 
to the circle, welded, and turned to certain gauges. 
The tire is now heated to redness in a circular 
furnace ; during the time it is getting hot, the iron 
wheel, turned to the right diameter, is bolted down 
upon a face plate or surface ; the tire expands with 
the heat, and when at a cherry red, it is dropped 
over the wheel, for which it was previously too small, 
and it is also hastily bolted down to the surface 
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plate; the 'whole mass is then quickly immersed by a 
swing crane in a tank of water five feet deep, and 
hauled up and down till nearly cold ; the tires are not 
afterwards tempered. The tire is attached to the 
rim with rivets having countersunk heads, and the 
wheel is then fixed on its axle. 

530. Q. — Is it necessary to have the whole tire of 
steel ? 

A. — It is not indispensable that the whole tire 
should be of steel ; but a dovetail groove, turned out 
of the tire at the place where it bears most on the 
rail, Jind fitted with a band of steel, will suffice. 
This band may be put in in pieces, and tlui expe- 
dient appears to be tlie best way of repairing a worn 
tire ; but particular care must be taken to attach 
these pieces very securely to the tiro by rivets, else 
in the rapid revolution of the wheel the steed may be 
thrown out by the centrifugal force. In aid of such 
attachment the steel, after being introduced, is well 
liainmered, winch expands it sideways until it fills 
the dovetail groove. 

531. Q. — Is any arrangement adopted to facilitate 
the passage of tlie locomotive round curves ? 

A, — The tir(i is turned somewhat conical, to 
facilitate the passage of the engine round curves, — 
the diameter of the outer wheel being virtually in- 
creased by the centrifugal force of the engine, and 
that of the inner wheel being correspondingly dimi- 
nished, whereby the curve is passed witliout the 
resistance which w’ould otijerwise arise from the in- 
equality of the spaces passed over by wheels of the 
same diameter fixed upon the same axle The rails 
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moreover, are not set quite upright, but are slightly 
inclined inwards, in consequence of which the wheels 
must be either conical or slightly dished, to bear 
fairly upon the rails. One benefit of inclining the 
rails in this way, and coning the tiros, is that the 
flange of the wheels is less liable to bear against the 
sides of the rail, and with the same view the flanges 
of all tlie wheels are made with large fillets in the 
corners. Wheels have been placed loose upon the 
axle, but they have less stability, and are not now 
much used. Nevertheless this plan appears to be a 
good one if properly worked out. 

532. Q, — Are any precautions taken to prevent 
engines from being thrown off the rails by obstruc- 
tions left upon the line ? 

A, — In most engines a bar is strongly attached to 
the front of the carriage on each side, and projects 
perpendicularly downwards to within a short distance 
of the rail, to clear away stones or other obstructions 
that might occasion accidents if the engine ran over 
them. 
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RESISTANCE OF VESSELS IN WATER. 

533. Q. — How do you determine the resistance 
encountered by a vessel moving in water ? 

A. — The resistance experienced by vessels moving 
in water varies as the square of the velocity of their 
motion, or nearly so; and the power necessary to 
impart an increased velocity varies nearly as the cube 
of such increased velocity. To double the velocity of 
a steam vessel, therefore, will require four times the 
amount of tractive force, and as that quadrupled force 
must act through twice the distance in the same time, 
an engine capable of exerting eight times the original 
power will be required.* 

534. Q. — In the case of a board moving in water 
in the manner of a paddle float, or in the case of 

* This statement supposes that there is no difference of level 
between the water at the bow and the water at the stern. In 
tlie experiments on the steamer Pelican, the resistance was 
found to vary, as the 2 •28th power of the velocity, but the 
deviation from the recognised law was imputed to a difference 
in the level of the water at the bow and stern. 



~ pressure produced upon a flat board, by 
itiikiiig water at right angles to the surface of the 
boai^ will be equal to the weight of a column of water 
haTing the surface struck as a base, and for its alti- 
tude twice the height due to the velocity with which 
the hoard moves through the water. If the board 
strike the water obliquely, the resistance will be less, 
but no very reliable law has yet been discovered to 
determine its amount. 

535. Q. — Will not the resistance of a vessel in 
moving through the water be much less than that of 
a flat board of the area of the cross section ? 

— It will be very much less, as is manifest from 
the comparatively small area of paddle board, and the 
email area of the circle described by the screw, rela 
lively with the area of the immersed midship section 
of the vessel. The absolute speed of a vessel, with 
any given amount of power, wdll depend very much 
upon her sliape. 

536. Q. — In what way is it that the shape of 
a vessel influences her speed, since vessels of the same 
sectional area must manifestly put in motion a column 
of water of the same magnitude, and with the same 
velocity ? 

— A vessel will not strike the water with the 
same velocity when the bow lines are sharp as when 
they are otherwise ; for a very sharp bow has the 
efiect of enabling the vessel to move through a great 
distance, while the particles of water are moved aside 
but a small distance, or in other words, it causes the 
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velocity with which the water is moved to be very 
small relatively with the velocity of the vessel ; and 
as the resistance increases as the square of the 
velocity with which the water is moved, it is conceiv- 
able enough in what way a sharp bow may diminish 
the resistance. 

537. Q. — Is the whole power expended in the pro- 
pulsion of a vessel consumed in moving aside the 
water to enable the vessel to pass ? 

A. — By no means ; only a portion, and in well- 
formed vessels only a small portion, of the power is 
thus consumed. In the majority of cases, the greater 
part of the power is expended in overcoming the 
friction of the water upon the bottom of the vessel ; 
and the problem chiefly claiming consideration is, in 
what way we may diminish the friction. 

538. Q Does the resistance produced by this 

friction increase with the velocity. 

A, — It increases nearly as the square of the velo- 
cit}^ At two nautical miles per hour, the tliru.^t 
necessary to overcome the friction varies as the 1*823 
power of the velocity; and at eight nautical miles 
per hour, the thrust necessary to overcome the friction 
varies as the 1*713 power of the velocity. It is 
hardly proper, perhaps, to call this resistance by the 
name of friction ; it is partly, perhaps mainly, due to 
the viscidity or adhesion of the water. 

539. Q. — Perhaps at high velocities this resistance 
may become less ? 

A» — That appears very probable. It may happen 
that at high velocities the adhesion is overcome, so 
that the water is dragged oflT the vessel, and the 
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friction thereafter follows the law which obtains in 
the case of solid bodies. But any such conclusion is 
mere speculation, since no experiments illustrative of 
this question have yet been made. 

540. Q. — Will a vessel experience more resistance 
in moving in salt water than in moving in fresh? 

A . — If the immersion be the same in both cases a 
vessel will experience more resistance in moving in 
salt water than in moving in fresh, on account of the 
greater density of salt water ; but as the flotation is 
proportion ably greater in the salt water the resistance 
will be the same with the same weight carried. 

541. Q. — Discarding for tlic present the subject of 
friction, and looking merely to the question of bow 
and stern resistance, in what manner should the hull 
of a vessel be formed so as to make these resistances 
a minimum ? 

A, — The hull should be so formed that the water, 
instead of being driven away forcibly from the bow, 
is opened gradually, so that every particle of water 
may be moved aside slowly at first, and then faster, 
like the ball of a pendulum, until it reaches the 
position of the midship frame, at which point it will 
have come to a state of rest, and then again, like a 
returning pendulum, vibrate back in the same way, 
until it comes to rest at the stern. It is not difiicult 
to describe mechanically the line which the water 
should pursue. If an endless web of paper be put into 
uniform motion, and a pendulum carrying a pencil or 
brush be hung in front of it, then such pendulum will 
trace on the paper the proper water line of the ship, 
or the line which the water should pursue in order 
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that no power may be lost except that which is lost in 
friction. It is found, however, in practice, that vessels 
formed with water lines on this principle are not 
much superior to ordinary vessels in the facility with 
which they pass through the water ; and this points to 
the conclusion that in ordinary vessels of good form, 
the amount of power consumed in overcoming the re- 
sistance due to the wave at the bow and the partial 
vacuity at the stern is not so great as has heretofore 
been supposed, and that, in flxct, tlie main resistance is 
that due to the friction. 


EXPERIMENTS ON THE RESISTANCE OF VESSELS. 

542. Q. — Have experiments been made to deter- 
mine the resistance which steam vessels experience 
in moving through the water? 

A . — Experiments have been made both to deter- 
mine the relative resistances of dilFcrent classes of 
vessels, and also tlie absolute resistances in pounds or 
tons. The first experiments made upon this subject 
were conducted by Messrs. Boulton and Watt, and 
they have been numerous, long continued, and care- 
fully performed. These experiments were made upon 
paddle vessels ? 

543. Q. — Will you recount the chief results of 
these experiments ? 

— The purpose of the experiments was to esta- 
blish a coefficient of performance, which with any 
given class of vessel would enable the speed, wliicli 
would be obtained with any given power, to be readily 
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predicted. This coefficient was obtained by multiply- 
ing the cube of the velocity of the vessels experi- 
mented upon, in miles per hour, by the sectional area 
of the immersed midship section in square feet, and 
dividing by the numbers of nominal horses power, 
and this coefficient will be large in the proportion of 
the goodness of the shape of the vessel. 

544. Q. — How many experiments were made alto- 
gether ? 

A — There were five different sets of experiments 
on five different classes of vessels. The first set of 
experiments was made in 1828, upon the vessels 
Caledonia, Diana, Eclipse, Kiiigshead, Moordyke, and 
Eagle — vessels of a similar form and all with square 
bilges and flat floors ; and the result was to establish 
the number 925 as the coefficient of performance of 
such vessels. The second set of experiments was 
made upon tlie superior vcvssels Venus, Swiftsure, 
Dasher, Arrow, Spitfire, Fury, Albion, Queen, Dart, 
Hawk, Margaret, and Hero — all vessels having flat 
floors and round bilges, where the coefficient became 
1 160. The third set of experiments was made upon 
tlie vessels Lightning, Meteor, James Watt, Cinde- 
i-olla, Navy Meteor, Crocodile, Watersprite, Thetis, 
Dolphin, Wizard, Escape, and Dragon — all vessels 
with rising floors and round bilges, and the coefficient 
of performance was found to be 1430. The fourth 
set of experiments was made in 1834, upon the vessels 
Magnet, Dart, Eclipse, Flamer, Firefly, Ferret, and 
Monarch, when the coefficient of performance was 
found to be 1580. The fifth set of experiments was 
made u|)oa the Red Rover, City of Canterbury, 
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Heme, Queen, and Prince of Wales, and in the case 
of those vessels the coefficient rose to 2550. The 
velocity of any of these vessels, with any power or 
sectional area, may be ascertained by multiplying the 
coefficient of its class by the nominal horse power, 
dividing by the sectional area in square feet, and ex- 
tracting the cube root of the quotient, which will bo 
the velocity in miles per hour; or the number of 
nominal horse power requisite for the accomplishment 
of any required speed may be ascertained by multi- 
plying the cube of the required velocity in miles per 
hour, by the sectional area in square feet, and divid- 
ing by the coefficient : the quotient is the number of 
nominal horse power requisite to realise the speed. 

545. Q. — Seeing, however, that the nominal power 
docs not represent an invariable amount of dynamical 
efficiency, would it not be better to make the compa- 
rison with reference to the actual power? 

— In the whole of the experiments recited, except 
in the case of one or two of the last, the pressure of 
steam in the boiler varied between 2-J lbs. and 4 lbs. 
per square inch, and the effective pressure on the piston 
varied between 11 lbs. and 13 lbs. per square inch, so 
that the average ratio of the nominal to the actual 
power may be easily computed ; but it will be pre- 
ferable to state the nominal power of some of the 
vessels, and their actual power as ascertained by ex- 
periment. 

546. Q. — Then state this, 

ji . — Of the Eclipse, the nominal power was 76» and 
the actual power 144 *4 horses ; of the Arrow, the 
nominal power was 60, and the actual 119*5 ; Spitfire, 
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nominal 40, actual 64 ; Fury, iiommal 40, actual 65*6 ; 
Albion, nominal 80, actual 135*4 ; Dart, nominal 100, 
actual 152*4 ; Hawk, nominal 40, actual 73 ; Hero, 
nominal 100, actual 171*4; Meteor, nominal 100, 
actual 160; James Watt, nominal 120, actual 204; 
Watersprite, nominal 76, actual 157*6 ; Dolphin, 
nominal 140, actual 238 ; Dragon, nominal 80, actual 
131 ; ISIagnet, nominal 140, actual 238 ; Dart, nominal 
120, actual 237 ; Flamer, nominal 120, actual 234; Fire- 
fly, nominal 52, actual 86 6; Ferret, nominal 52, 
actual 88 ; Monarch, nominal 200, actual 378. Iii 
the case of swift vessels of modern construction, such 
as the lied Rover, Herne, Queen, and Princes of W ales, 
the coefficient appears to be about 2550; but in 
these vessels there is a still greater excess of the 
actual over the nominal power than in the case of the 
vessels previously enumerated, and the increase in the 
coefficient is consequent upon the increased pressure 
of the steam in the boiler, as well as the superior 
form of the slap. The nominal power of the Red 
Rover, Ilernc, and City of Canterbury is, in each case, 
120 horses, hut the actual power of the Red Rover is 
294, of the Herne 354, and of the City of Canterbury 
306, and in some vessels the excess is still greater ; so 
that with such variations it becomes necessary to 
^dopt a coefficient derived from the introduction of 
the actual instead of the nominal power. 

547. Q‘ — What will be the average difference 
between the nominal and actual powers in the several 
classes of vessels you have mentioned and the re- 
spective coefficients when corrected for the actual 
power ? 
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A In the first class of vessels experimented upon, 

the actual power was about 1*6 times greater than the 
nominal power ; in the second class, 1*67 times 
greater; in the third class, 1*7 times greater; and in 
the fourth, 1*96 times greater; while in such vessels 
as the Bed Hover and City of Canterbury, it is 2*6«5 
times greater ; so that if we adopt the actual instead of 
the nominal power in fixing the coefficients, we shall 
have 554 as the first coefficient, 694 as the second, 
832 for the third, and 806 for the fourth, instead of 
925, 1160, 1430, and 1580 us previously specified; 
while for such vessels as the Red Rover, Herne, 
Queen, and Prince of Wales, we shall have 962 in- 
stead of 2550. These smaller coefficients, then, 
express the relative merits of the different vessels 
without reference to any difference of efficacy in the 
engines, and it appears preferable, with such a vari- 
able excess of the actual over the nominal power, to 
employ them instead of those first referred to. From 
the circumstance of the third of the new coefficients 
being greater than the fourth, it appears that the supe- 
rior result in the fourth set of experiments arose alto- 
gether from a greater excess of the actual over the 
nominal power. 

548. Q. — These experiments, you have already 
stated, were all made on paddle vessels. Have 
similar coefficients of performance been obtained in 
the case of screw vessels ? 

A. — The coefficients of a great number of screw 
vessels have been obtained and recorded, but it would 
occupy too much time to enumerate them here. The 
coefficient of performance of the Fairy is 464*8 ; of 
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the Rattler 676*8 ; and of the Frankfort 792*3. This 
coefficient, however, refers to nautical and not to 
statute miles. If reduced to statute miles for the 
purpose of comparison with the previous experiments, 
the coefficients will respectively become 703, 1033, 
and 1212 ; which indicate that the performance of 
screw vessels is equal to the performance of paddle 
vessels, hut some of the superiority of the result may 
be Imputed to the superior size of the screw vessels. 


INFLUENCE OF THE SIZE OF VESSELS UPON THEIR 
SPEED. 

649. Q. — ^Will large vessels attain a greater speed 
than small, supposing each to be furnished with the 
same proportionate power ? 

A, — It is well known that large vessels furnished 
with the same proportionate power, will attain a 
greater speed than small vessels, as appears from the 
rule usual in yacht races of allowing a certain part of 
the distance to he run to vessels which are of inferior 
size. The velocity attained by a large vessel will be 
greater than the velocity attained by a small vessel 
of the same mould and the same proportionate power, 
in the proportion of the square roots of the linear 
dimensions of the vessels. A vessel therefore with 
four times the sectional area and four times the 
power of a smaller symmetrical vessel, and conse- 
quently of twice the length, will have its speed in- 
creased in the proportion of the square root of 1 to 
the square root of 2, or 1*4 times. 
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550. Q. — Will you further illustrate this doctrine 
by an example? 

A, — Tlie screw steamer Fairy, if enlarged to three 
times the size while retaining the same form, would 
have twenty-seven times the capacity, nine times the 
sectional area, and nine times the power. The length 
of such a vessel would be 4-34? feet ; her breadth 
63 feet 4 J- inches ; her draught of water 16^ feet ; 
her area of immersed section 729 square feet; and 
her nominal power 1080 horses. Now as the lengths 
of the Fairy and of the new vessel are in the propor- 
tion of 1 to 3, the speeds will be in the proportion of 
the square root of 1 to the square root of 3 ; or, in 
other words, the speed of the large vessel will be 1*73 
times greater than the speed of the small vessel. 
These deductions, however, are not borne out by the 
results obtained with the steamer Great Eastern, 
which, with an immersed section of 2000 square feet, 
and with an actual or indicated power of 8000 horses, 
attained a speed of only 14 knots, which gives a co- 
efficient of 686, while the coefficient of the Fairy is 
464*8. As the coefficient is obtained by multiplying 
the cube of the speed in knots by the immersed 
section, and dividing by the indicated power, the co- 
efficient of a vessel with 729 sq. ft. section, 22^ knots 
tpcfd, and 3279 actual horses power would be 2471. 

STRUCTURE AND OPERATION OF PADDLE WHEELS. 

551. Q.— -Will you describe the configuration and 
mode of action of the paddle wheels in general use ? 

A, — There are two kinds of paddle wheels in 

B B 
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extensive nse, the one being the ordinary radial 
wheel, in which the floats are fixed on arms radiating 
from the centre ; and the other the feathering wheel, 
in which each float is hung upon a centre, and is so 
governed by suitable mechanism as to be always kept 
in nearly the vertical position. In the radial wheel 
there is some loss of pow'^or from oblique action, 
whereas in the feathering wheel there is little or no 
loss from tliis cause ; but in every kind of paddle 
there is a loss of power from the recession of the 
water from the float boards, or the slip as it is 
commonly called ; and this loss is the necessary con- 
dition of the resistance for the propulsion of the 
vessel being created in a fluid. The slip is expressed 
by the difference between the speed of the wheel and 
the speed of the vessel, and the larger this difference 
is the greater the loss of power from slip must be — 
the consumption of steam in the engine being propor- 
tionate to the velocity of the wheel, and the useful 
effect being proportionate to the speed of the ship. 

552. Q. — The resistance necessary for propulsion 
will not bo situated at the circumference of the 
wheel ? 

A. — In the featliering wheel, where every part of 
any one immerged float moves forward with the same 
horizontal velocity, the pressure or resistance may be 
supposed to be concentrated in the centre of the float; 
whereas, in the common radial wheel this cannot be 
the case, for as the outer edge of the float moves 
more rapidly than the edge nearest the centre of the 
wheel, the outer part of the float is the most effectual 
in propulsion. The point at which the outer and 



NATURE OF THE CENTRE OF PRESSURE. 371 

inner portions of the float just balance one another in 
propelling effect, is called the centre of pressure ; and 
if all the resistances were concentrated in this point, 
they would have the same effect as before in resisting 
the rotation of the wheel. The resistance upon any 
one moving float board totally immersed in the water 
will, when the vessel is at rest, obviously vary as the 
square of its distance from the centre of motion, — 
the resistance of a fluid varying with the square of 
the velocity ; but, except when the wheel is sunk to 
the axle or altogether immersed in the water, it is 
impossible, under ordinary circumstances, for one 
float to be totally immersed without others being 
immersed partially, whereby the arc described by the 
extremity of the paddle arm will become greater than 
the arc described by the inner edge of the float ; and 
consequently the resistance upon any part of the float 
will increase in a higher ratio than the square of its 
distance from the centre of motion — the position of 
the centre of pressure being at the same correspond- 
ingly affected. In the feathering wheel the position 
of the centre of pressure of the entering and emerging 
floats is continually changing from the lower edge of 
the float, — where it is when the float is entering or 
leaving the w^ater, — to the centre of the float, which 
is its position when the float is wholly immerged ; 
but in the radial wheel the centre of pressure can 
never rise so high as the centre of the float. 

553. Q. — All this relates to the action of the 
paddle when the vessel is at rest; will you explain its 
action when the vessel is in motion ? 

A , — When the wheel of a coach rolls along the 

JBB 2 
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ground^ any point of its periphery describes in the air 
a curve which is termed a cycloid ; any point within 
the periphery traces a prolate or protracted cycloid, 
and any point exterior to the periphery traces a 
curtate or contracted cycloid — the prolate cycloid 
partaking more of the nature of a straight line, and 
the curtate cycloid more of the nature of a circle. 
Tlie action of a paddle wheel in the water resembles 
in this respect that of wheel of a carriage running 
along the ground: that point in the radius of the 
paddle of which the rotative speed is just equal to the 
velocity of the vessel will describe a cycloid ; points 
nearer the centre, prolate cycloids, and points further 
from the centre, curtate cycloids. TJie circle de- 
scribed by the point whose velocity equals the velocity 
of the ship, is called the rolling circle, and the 
resistance due to the difference of velocity of the 
rolling circle and centre of pressure is that which 
operates in the propulsion of the vessel. The resist- 
ance upon any part of the float, therefore, will vary 
as the square of its distance from the rolling circle, 
supposing the float to be totally immerged ; but, 
taking into account the greater length of time during 
which the extremity of the paddle acts, whereby the 
resistance will be made greater, we shall not err far 
in estimating the resistance upon any point at the 
third power of its distance from the rolling circle in 
the case of light immersions, and the 2'5 power in the 
case of deep immersions. 

554. Q. — How is the position of the centre of 
pressure to be determined ? 

A, — With the foregoing assumption, which accords 
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sufficiently with experiment to justify its acceptation, 
the position of the centre of pressure may be found by 
the following rule: — from the radius of the wheel 
subtract the radius of the rolling circle ; to the 
remainder add the depth of the paddle board, and 
divide the fourth power of the sum by four times the 
depth; from the cube root of the quotient subtract 
the difference between the radii of the wheel and 
rolling circle, and the remainder will be the distance 
of the c^’ntre of pressure from the upper edge of the 
paddle. 

555. Q. — How do you find the diameter of the 
rolling circle ? 

A, — The diameter of the rolling circle is very 
easily found, for we have only to divide 5280 times 
the number of miles per hour, by 60 times the number 
of strokes per minute, to get an expression for the 
circumference of the rolling circle, or the following 
rule may be adopted : — divide 88 times the speed of 
the vessel in statute miles per hour, by 3*1416 times 
the number of strokes per minute; the quotient will 
be the diameter in feet of the rolling circle. The 
diameter of the circle in which the centre of pressure 
moves or the effective diameter of the w’heel being 
known, and also the diameter of the rolling circle, we 
at once find the excess of velocity of the wheel over 
the vessel. 

556. Q. — Will you illustrate these rules by an ex- 
ample ? 

A, — A steam vessel of moderately good shape, and 
with engines of 200 horses power, realises, with 22 
strokes per minute, a speed of 10*62 miles per hour. 
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To find the diameter of the rolling circle, we have 88 
times 10*62, equal to 934*66, and 22 times 3*1416, 
equal to 69*1152; then 934*66 divided by 69*1152 is 
equal to 13*52 feet, which is the diameter of tlie 
rolling circle. The diameter of the wheel is 19 ft. 
4 in., so that the diameter of the rolling circle is about 
|rds of the diameter of the wheel, and tins is a I’requeiit 
proportion. The depth of the paddle board is 2 I’eet, 
and the difference between the diameters of the wheel 
and rolling circle will be 5*8133, which will make the 
difference of their radii 2*9067 ; and adding to this the 
depth of the paddle board, we have 4*9067, the fourth 
power of which is 579*64, which, divided by four times 
the depth of the paddle board, gives us 72*455, the 
cube root of which is 4*1689, which, diminished by the 
difierence of the radii of the wheel and rolling circle, 
leaves T2622 feet for the distance of the centre of 
pressure from the upper edge of the paddle board in 
the case of light immersions. The radius of the wheel 
being 9*6667, the distance from tho centre of the 
wheel to the upper edge of the float is 7*6667, and 
adding to this 1*2622, we get 8*9299 feet as the radius, 
or 17*8598 feet as the diameter of the circle in -w hich 
the centre of pressure revolves. With 22 strokes per 
minute, the velocity of the centre of pressure will be 
20*573 feet per second, and with 10*62 miles per hour 
for the speed of the vessel, the velocity of the rolling 
circle will be 15*576 feet per second. The effective 
velocity will be the ditference between these quanti- 
ties, or 4*997 feet per second. Now the height from 
which a body must fall by gravity, to acquire a 
velocity of 4*997 feet per second, is about *62 feet ; and 
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twice this height, or 1*24 feet, multiplied by 62^, 
which is the number of lbs. weight in a cubic foot of 
water, gives 77^ lbs. as the pressure on each square 
foot of the vertical paddle boards. As each board is 
of 20 square feet of area, and there is a vertical board 
on each side of the ship, the total pressure on the 
vertical paddle boards will be 2900 lbs. 

557. Q — What pressure is this equivalent to on 
each square inch of the pistons ? 

A» — A vessel of 200 horses power will have two 
cylinders, each 50 inches diameter, and 5 feet stroke, 
or thereabout. The area of a piston of 50 inches 
diameter is 1963*5 square inches, so that the area of 
the two pistons is 3927 square inches, and the jnston 
will move through 10 feet every revolution ; and with 
22 strokes per minutej this will be 220 feet per 
minute, or 3*66 feet per second. Now, if the effective 
velocity of the centre of pressure and the velocity of 
the pistons had been the same, then a pressure of 
2900 lbs. upon the vertical paddles would have been 
balanced by an equal pressure on the pistons, which 
would have been in this case about *75 lbs. per square 
inch; but as the effective velocity of the centre of 
pressure is 4*997 feet per second, while that of the 
pistons is only 3*66 feet per second, the pressure must 
be increased in the proportion of 4*997 to 3*66 to 
establish an equilibrium of pressure, or, in other words, 
it must be 1*02 lbs. per square inch. It follows from 
this investigation, that, in radial wheels, the greater 
part of the engine power is distributed among the 
oblique floats. 

558. Q. — How comes this to be the case? 
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A* — To understand how it happens that more 
power is expended upon the oblique than upon the 
vertical floats, it is necessary to remember that the 
only resistance upon the vertical paddle is that due to 
the difierence of velocity of the wheel and the ship ; 
but if the wheel be supposed to be immersed to its 
axle, so that the entering float strikes the water 
horizontally, it is clear that the resistance on such 
float is that due to the whole velocity of rotation ; and 
that the resistance to the entering float will be the 
same whether the vessel is in motion or not. The re- 
sistance opposed to the rotation of any float increases 
from the position of the vertical float — where the 
resistance is that due to the difference of velocity of 
the wheel and vessel — until it reaches the plane of the 
axis, supposing the 'wheel to be immersed so far, 
w'here the resistance is that due to the whole velocity 
of rotation ; and although in any oblique float the 
total resistance cannot be considered operative in a 
horizontal direction, yet the total resistance increases 
so rapidly on each side of the vertical float, that the 
portion of it which is operative in the horizontal 
direction, is in all ordinary cases of immersion very 
considerable. In the feathering wheel, where there is 
little of this oblique action, the resistance will be in 
the proportion of the square of the horizontal velocities 
of the several floats, which may be represented by the 
horizontal distances between them ; and in the feather- 
ing wheel, the vertical float having the greatest 
horizontal velocity will have the greatest propelling 
effect. 
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559. Q. — Should the floats in feathering wheels 
enter and leave the water vertically ? 

A — The floats should be so governed by the central 
crank or eccentric, that the entering and emerging 
floats have a direction intermediate between a radius 
and a vertical line. 

560. Q. — Can you give any practical rules for pro- 
portioning paddle wheels ? 

A , — A common rule for the pitch of the floats is to 
allow one float for every foot of diameter of the wheel ; 
but in the case of fast vessels a pitch of 2^ feet, or even 
less, appears preferable, as a close pitch occasions less 
vibration. If the floats be put too close, however, tlie 
water will not escape freely from between them, and if 
set too far apart the stroke of the entering paddle will 
occasion an inconvenient amount of vibratory motion, 
and there will also be some loss of power. To find 
the proper area of a single float: — divide the number 
of actual horses power of both engines by the diameter 
of the wheel in feet ; the quotient is the area of one 
paddle board in square feet proper for sea going 
vessels, and the area multiplied by 0*6 will give the 
length of the float in feet. In very sharp vessels, 
which offer less resistance in passing through the 
water, the area of paddle board is usually one-fourth 
less than the above proportion, and the proper length 
of the float may in such case be found by multiplying 
the area by 0*7. In sea going vessels about four 
floats are usually immersed, and in river steamers 
only one or two floats. There is more slip in the 
latter case, but there is also more engine power 
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exerted in the propulsion of the ship, from the greater 
speed of engine thus rendered possible. 

561. Q. — Then is it beneficial to use small floats? 

A. — Quite the contrary. If to permit a greater 

speed of the engine the floats be diminished in area 
instead of being raised out of the water, no appreciable 
accession to the speed of the vessel will be obtained ; 
whereas there will be an increased speed of vessel if 
the accelerated speed of the engine be caused by 
diminishing the diameter of the wheels. In vessels 
intended to be very fast, therefore, it is expedient to 
make the wheels small, so as to enable the engine to 
work with a high velocity ; and it is expedient to make 
such wheels of the feathering kind, to obviate loss of 
power from oblique action. In no wheel must the 
rolling circle fall below the water line, else the enter- 
ing and emerging floats will carry masses of water 
before them. The slip is usually equal to about one- 
fourth of the velocity of the centre of pressure in well 
proportioned ’vheels ; but it is desirable to have the 
slip as small as is possible consistently with the obser- 
vance of other necessary conditions. The speed of the 
engine and also the speed of the vessel being fixed, 
the diameter of the rolling circle becomes at once 
ascertainable, and adding to this the slip, we have the 
diameter of the wheel. 

CONFIGURATION AND ACTION OF THE SCREW. 

562. Q. — Will you describe more in detail than 
you have yet done, the configuration and mode of 
action of the screw propeller ? 

A , — The ordinary form of screw propeller is repre- 
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eented in Jigs^ 46. and 47. ; fig* 46. being a per- 

R#. 4 S. Fig.v. spective view, fig. 47. an 
end view, or view such as is 
seen when looking upon the end 
of the shaft. ‘The screw here 
represented is one with two arras 
or blades. Some screws have 
three arms, some four, and some 
six; but the screw with two 
arms is the most usual, and 
screws with more than three 
arms are not now much em- 
Ckdikary Foum OF Screw ployed in this Country. The 
fuopelleu. screw on being put into revo- 

lution by the engine, preserves a spiral path in the 
water, in which it draws itself forward in the same 
way as a screw nail does when turned round in a piece 
of wood, whereas the paddle wheel more resembles the 
action of a cog wheel working in a rack. 

563. Q. — But the screw of a steam vessel has no 
resemblance to a screw nail? 

— It has in fact a very close resemblance if you 
suppose only a very sliort piece ot“ the screw nail to 
be employed, and if you suppose, moreover, the thread 
of the screw to be cut nearly into the centre to pre- 
vent the wood from stripping. The original screw 
propellers were made with several convolutions of 
screw, but it was found advantageous to shorten them, 
until they are now only made one-sixth of a convolu- 
tion in length. 

564. Q. — And the pitch you have already explained 
to be the distance in the line of the shaft from one 




380 


CONSTRUCTION OF TUB SCREAV. 


convolution to the next, supposing the screw to con- 
sist of two or more convolutions ? 

A , — Yes, that is what is meant by the pitch. If a 
thread be wound upon a cylinder with an equal dis 
tance between the convolutions, it will trace a screw 
of a uniform pitch ; and if the thread be wound upon 
the cylinder with an increasing distance between each 
convolution, it will trace a screw of an increasing 
pitch. But two or more threads may be wound upon 
the cylinder at the same time, instead of a single 
thread. If two threads be wound upon it they Avill 
trace a double-threaded screw ; if three threads be 
wound upon it they will trace a treble-threaded screw ; 
and so of any other number. Now if the thread be 
supposed to be raised up into a very deep and thin 
spiral feather, and the cylinder be supposed to become 
very small, like the newel of a spiral stair, then a 
screw will be obtained of the kind proper for pro- 
pelling vessels, except that only a very short piece of 
such screw must be employed. Whatever be the 
number of threads wound upon a cylinder, if the cy- 
linder be cut across all the threads will be cut. A 
slice cut out of the cylinder will therefore contain a 
piece of each thread. But the threads, in the case of 
a screw propeller, answer to the arms, so that in every 
screw propeller the number of threads entering into 
the composition of the screw will be the same as the 
number of arras. An ordinary screw with two blades 
is a short piece of a screw of two threads. 

565. Q. — In what part of the ship is the screw 
usually placed ? 

A . — In that part of the run of the ship called the 
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dead wood, which is a thin and unused part of the 
vessel just in advance of the rudder. The usual ar- 
rangement is shown in Jig, 48., which represents the 


Fig. 48 . 



application to a vessel of a species of screw which has 
tiie arms bent backwards, to counteract the centrifugal 
motion given to the water when there is a considerable 
amount of slip. 

566. Q, — How is the slip in a screw vessel deter- 
mined ? 

A, — By comparing the actual speed of the vessel 
with the speed due to the pitch and number of revo- 
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lutions of the screw, or, what is the same thing, the 
speed which the vessel would attain if the screw 
worked in a solid nut. The difference between tlie 
actual speed and this hypothetical speed, is the slip. 

567. Q. — In well formed screw propellers what is 
the amount of slip found to be ? 

A, — If the screw be properly proportioned to the 
resistance that the vessel has to overcome, the slip 
will not be mere than 10 per cent., but in some cases 
it amounts to 30 per cent., or even more than this. In 
other cases, however, the slip is nothing at all, and 
even less than nothing ; or, in other words, the vessel 
passes through the water with a greater velo(?ity than 
if the screw were working in a solid nut. 

568. Q. — Then it must be by the aid of the wind 
or some other extraneous force ? 

A. — No ; by the action of the screw alone. 

569. Q. — But how is such a result possible ? 

A, — It appears to be mainly owing to the centri- 
fugal action of the screw, which interposes a film or 
wedge of water between the screw itself and the 
water on which the screw reacts. This negative slip, 
as it is called, chiefly occurs when the pitch of the 
screw is less than its diameter, and when, conse- 
quently, the velocity of rotation is greater than if a 
coarser pitch had been employed. There is, moreover, 
in all vessels passing through the water with any con- 
siderable velocity, a current of water following tlie 
vessel, in which current, in the case of a screw vessel, 
the screw will revolve ; and in certain cases the phe- 
nomenon of negative slip may be imputable in part to 
the existence of this current. 
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570. Q. — Is the screw propeller as effectual an 
instrument of propulsion as the radial or feathering 
paddle ? 

J[. — In all cases of deep immersion it appears to 
be quite as effectual as the radial paddle, indeed, more 
so ; but it is scarcely as effectual as the feathering 
paddle, with any amount of immersion, and scarcely 
as effectual as the common paddle in the case of light 
immersions. 

COMPARATIVE ADVANTAGES OF PADDLE AND SCREW 
VESSELS. 

571. Q. — Whether do you consider paddle or screw 
vessels to be on the whole the most advantageous ? 

A , — That is a large question, and can only receive 
a qualified answer. In some cases the use of paddles 
is indispensable, as, for example, in the case of river 
vessels of a limited draught of water, where it would 
not be possible to get sufficient depth below the water 
surface to enable a screw of a proper diameter to be 
got in. 

572. Q. — But how does the matter stand in the 
case of ocean vessels ? 

A , — In the case of ocean vessels, it is found that 
paddle vessels fitted with the ordinary radial wheels, 
and screw vessels fitted with the ordinary screw, are 
about equally efficient in calms and in fair or beam 
winds with light and medium immersions. If the 
vessels are loaded deeply, however, as vessels starting 
on a long voyage and carrying much coal must almost 
necessarily be, then the screw has an advantage, since 
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the screw acts in its best manner when deeply im- 
mersed, and the paddles in their worst. When a 
screw and paddle vessel, however, of the same model 
and power are set to encounter head winds, the paddle 
vessel it is found has in all cases an advantage, not in 
speed, but in economy of fuel. For whereas in a 
paddle vessel, when her progress is resisted, the speed 
of the engine diminishes nearly in the proportion of 
the diminished speed of ship, it happens that in a 
screw vessel this is not so, — at least to an equal ex- 
tent, — but the engines work with nearly the same rate 
of speed as if no increase of resistance had been en- 
countered by the ship. It follows from this circum- 
stance, that whereas in paddle vessels the consumption 
of steam, and therefore of fuel, per hour is materially 
diminished when head winds occur, in screw vessels 
a similar diminution in the consumption of steam and 
fuel does not take place. 

573. Q. — But perhaps under such circumstances 
the speed of the screw vessel will be the greater of 
the two ? 

A . — No ; the speed of the two vessels will be the 
same, unless the strength of the head wind be so great 
as to bring the vessels nearly to a state of rest, and on 
that supposition the screw vessel will have the ad- 
vantage. Such cases occur very rarely in practice ; 
and in the case of the ordinary resistances imposed by 
head winds, the speed of the screw and paddle vessel 
will be the same, but the screw vessel will consume 
most coals. 

574. Q. — What is the cause of this peculiarity ? 

A. — The cause is, that when the screw is so pro- 
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portioned in its length as to be most suitable for pro- 
pelling vessels in calms, it is too short to be suitable 
ibr propelling vessels which encounter a very heavy 
resistance. It follows, therefore, that if it is prevented 
from pursuing its spiral course in the water, it will 
displace the water to a certain extent laterally, in the 
manner it does if the engine be set on when the vessel 
is at anchor ; and a part of the engine power is thus 
wasted in producing a useless disturbance of the water, 
which in paddle vessels is not expended at all. 

575. Q. — If a screw and paddle vessel of the same 
mould and power be tied stern to stern, will not the 
screw vessel preponderate and tow the paddle vessel 
astern against the whole force of her engines ? 

A, — Yes, that will be so. 

576. Q. — And seeing that the vessels are of the 
same mould and power, so that neither can derive an 
advantage from a variation in that condition, does not 
the preponderance of the screw vessel show that the 
screw must be the most powerful propeller ? 

A, — No, it does not. 

577. Q. — Seeing that the vessels are the same in 
all respects except as regards the propellers, and that 
one of them exhibits a superiority, does not this cir- 
cumstance show that one propeller must be more 
powerful than the other ? 

A, — That does not follow necessarily, nor is it the 
fact in this particular case. All steam vessels when 
set into motion, will force themselves forward with 
an amount of thrust which, setting aside the loss from 
friction and from other causes, will just balance the 
pressure on the pistons. In a paddle vessel, as has 
c o 
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already been explained, it is easy to tell the tractive 
force exerted at the centre of pressure of the paddle 
wheels, when, the pressure urging the pistons, the 
dimensions of the wheels and the speed of the vessel 
are known ; and that force, whatever be its amount, 
must always continue the same with any constant 
pressure on the pistons. In a screw vessel the same 
law applies, so that with any given pressure on the 
pistons and discarding the consideration of friction, it 
will follow that whatever be the thrust exerted by a 
paddle or a screw vessel, it must remain uniform 
whether the vessel is in motion or at rest, and whether 
moving at a high or a low velocity through the water. 
Now to achieve an equal speed during calms in two 
vessels of the same model, there must be the same 
amount of propelling thrust in each ; and this thrust, 
whatever be its amount, cannot afterwards vary if a 
uniform pressure of steam be maintained. The thrusts, 
therefore, caused by their respective propelling instru- 
ments, when a screw and paddle vessel are tied stern to 
stern, must be the same as at other times ; and as at 
other times those thrusts are equal, so must they be 
when the vessels are set in the antagonism supposed, 

578. Q. — How comes it then that the screw vessel 
preponderates ? 

A > — Not by virtue of a larger thrust exerted by 
the screw in pressing forward the shaft and with it 
the vessel, but by the gravitation against the stern of 
the wave of water which the screw raises by its rapid 
rotation. This wave will only be raised very high 
when the progress of the vessel through the water is 
nearly arrested, at which time the centrifugal actioa 
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of the screw is very great ; and the vessel under such 
circumstances is forced forward partly by the thrust 
of the screw, and partly by the hydrostatic pressure 
of the protuberance of water which the centrifugal 
action of the screw raises up at the stern. 

579. Q, — Can you state any facts in corroboration 
of this view ? 

. A, — The screw vessel will not preponderate if a 
screw and paddle vessel be tied bow to bow and the 
engines of each be then reversed. In some screw 
vessels the amount of thrust actually exerted by the 
screw under all its varying circumstances, has been 
ascertained by the application of a dynamometer to 
the end of the shaft. By this instrument — which is 
formed by a combination of levers like a weighing 
machine Ibr carts — a thrust or pressure of several 
tons can be measured by the application of a small 
weight; and it has been found, by repeated experiment 
with the dynamometer, that tlie thrust of the screw 
in a screw vessel when towing a paddle vessel against 
the whole force of her engines, is just the same as it 
is when the two vessels are maintaining an equal 
speed in calms. The preponderance of the screw 
vessel must, therefore, be imputable to some other 
agency than to a superior thrust of the screw, which 
is found by experiment not to exist. 

580. Q. — Has the dynamometer been applied to 
paddle vessels ? 

A, — It has not been applied to the vessels them- 
selves, as in the case of screw vessels, but it has been 
employed on shore to ascertain the amount of tractive 
force that a paddle vessel can exert on a rope, 
c c 2 
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581. Q. — Have any experiments been made to 
determine the comparative performances of screw and 
paddle vessels at sea ? 

A, — Yes, numerous experiments; of which the best 
known are probably those made on the screw steamer 
Rattler and the paddle steamer Alecto, each vessel of 
the same model, size, and power, — each vessel being 
of about 800 tons burden and 200 horses power. Sub- 
sequently another set of experiments with the same 
object was made with the Niger screw steamer and 
the Basilisk paddle steamer, both vessels being of 
about 1000 tons burden and 400 horses power. The 
general results which were obtained in the course of 
these experiments are those which have been already 
recited. 

582. Q. — Will you recapitulate some of the main 
incidents of these trials ? 

A. — I may first state some of the chief dimensions 
of the vessels. The Rattler is 176 feet 6 inches long, 
32 feet 8|^ inches broad, 888 tons burden, 200 horses 
power, and has an area of immersed midship section of 
380 square feet at a draught of water of 1 1 feet 5^ 
inches. The Alecto is of the same dimensions in every 
respect, except that she is only of 800 tons burden, the 
diiference in this particular being wholly owing to the 
Rattler having been drawn out about 15 feet at the 
stern, to leave abundant room for the application of 
the screw. The Rattler was fitted with a dynamo- 
meter, which enabled the actual propelling thrust of 
the Screw shaft to be measured ; and the amount of 
this thrust, multiplied by the distance through which 
the vessel passed in a given time, w^ould determine 
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the amount of power actually utilised in propelling 
the ship. Both vessels were fitted with indicators 
applied to the cylinders, so as to determine the amount 
of power exerted by the engines. 

583. Q. — How many trials of the vessels were 
made on this occasion ? 

A. — Twelve trials in all ; but I need not refer to 
those in which similar or identical results were only 
repeated. The first trial was made under steam only, 
the weather was calm and the water smooth. At 54 
minutes past 4 in the morning both vessels left the 
Nore, and at 30^ minutes past 2 the Rattler stopped 
her engines in Yarmouth Roads, where in 20 J minutes 
afterwards she was joined by the Alecto. The mean 
speed achieved by the Rattler during this trial was 
9*2 knots per hour ; the mean speed of the Alecto was 
8*8 knots per hour. The slip of the screw was 10*2 
per cent. The actual power exerted by the engines, 
as shown by the indicator, was in the case of the 
Rattler 334*6 horses» and in the case of the Alecto 
281*2 horses ; being a difference of 53*4 horses in 
favour of the Rattler. The forward thrust upon the 
screw shaft was 3 tons, 17 cwt, 3 qrs., and 14 lbs. 
The horse power of the shaft — or power actually 
utilised — ascertained by multiplying the thrust in 
pounds by the space passed through by the vesscd in 
feet per minute, and dividing by 33,000, was 247*8 
horses power. This makes the ratio of the shaft to 
the engine power as 1 to 1*3, or, in other words, it 
shows that the amount of engine power utilised in 
propulsion was 77 per cent. In a subsequent trial 
made with the vessels running before the wind, but 
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with no sails set and the masts struck, the speed 
realised by the Eattler was 10 knots per hour. The 
slip of the screw was 11*2 per cent. The actual power 
exerted by the engines of the Rattler was 368*8 
horses. The actual power exerted by the engines of 
the Alecto was 291*7 horses. The thrust of the shaft 
was equal to a weight of 4 tons, 4 cwt., 1 qr., 1 lb. 
The horse power of the shaft was 290*2 horses, and 
the ratio of the shaft to the engine power was 1 to 
T2. Here, therefore, the amount of the engine power 
utilised was 84 per cent, 

584. Q. — If in any screw vessel the power of the 
engine be diminished by shutting off the steam or 
otherwise, you will then have a larger screw relatively 
with the power of the engine than before ? 

A* — Yes. 

585. Q. — Was any experiment made to ascertain 
the effect of this modification ? 

A, — There w'^s; but the result was not found to 
be better than before. The experiment was made by 
shutting off the steam from the engines of tlie Rattler, 
until the number of strokes was reduced to 17 in the 
minute. The actual power was then 126*7 horses; 
thrust upon the shaft 2 tons, 2 cwt., 3 qrs., 14 lbs. ; 
horse power of shaft 88*4 horses ; ratio of shaft to 
engine power 1 to 1*4; slip of the screw 18*7 per 
cent. In this experiment the power utilised was 7l 
per cent. 

586. Q. — Was any experiment made to determine 
the relative performances in head winds ? 

A, — The trial in which this relation was best 
determined lasted for seven hours, and was made 
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against a strong head wind and heavy head sea. The 
speed of the Rattler by patent log was 4*2 knots ; and 
at the conclusion of the trial the Alecto had the ad- 
vantage by about half a mile. Owing to an accidental 
injury to the indicator, the power exerted by the 
engines of the Rattler in this trial could not be ascer- 
tained ; but judging from the power exerted in other 
experiments with the same number of revolutions, it 
appears probable that the power actually exerted by 
the Rattler was about 300 horses. The number of 
strokes per minute made by the engines of the Rattler 
was 22, whereas in the Alecto the number of strokes 
per minute was only 12 ; so that while the engines of 
the Alecto were reduced, by the resistance occasioned 
by a strong head wind, to nearly half their usual 
speed, the engines of the Rattler were only lessened 
about one-twelfth of their usual speed. The mean 
thrust upon the screw shaft during this experiment, 
was 4 tons, 7 cwt., 0 qr., 16 lbs. The horse power of 
the shaft was 125*9 horses, and the slip of the screw 
was 56 per cent. Taking the power actually exerted 
by the Rattler at 300 horses, the power utilised in 
this experiment is only 42 per cent. 

587. Q. — What are the dimensions of the screw 
in the Rattler ? 

A, — Diameter 10 feet, length 1 foot 3 inches, 
pitch 11 feet. The foregoing experiments show that 
with a larger screw a better average performance 
would be obtained. The best result arrived at, was 
when the vessel was somewhat assisted by the wind, 
which is equivalent to a reduction of the resistance of 
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the hull, or to a smaller hull, which is only another 
expression for a larger proportionate screw. 

388. Q. — When you speak of a larger screw, 
what increase of dimension do you mean to express ? 

A» — An increase of the diameter. The amount of 
reacting power of the screw upon the water is not 
measured by the number of square feet of surface of 
the arms, but by the area of the disc or circle in wliich 
the screw revolves. The diameter of the screw of 
the Rattler being 10 feet, the area of its disc is 78*5 
square feet ; and with the amount of thrust already 
mentioned as existing in the first experiment, viz. 
8722 lbs., the reacting pressure on each square foot of 
the screw’s disc will be 108^ lbs. The immersed 
midship section being 380 square feet, this is equiva- 
lent to 23 lbs. per square foot of immersed midship 
section at a speed of 9 *2 knots per houi*. 

589. Q. — In smaller vessels of similar form, will 
the resistance per square foot of midship section be 
more than this ? 

A , — It will be considerably more. In the Pelican, 
a vessel of 109| square feet of midship section, 1 
estimate the resistance per square foot of midship 
section at 30 lbs,, when the speed of the vessel is 9'7 
knots per hour. In the Minx with an immersed 
midship section of 82 square feet, tlie resistance per 
square foot of immersed midship section was found 
by the dynamometer to be 41 lbs. at a speed of 8^ 
knots; and in the Dwarf, a vessel with 60 square 
feet of midship section, I estimate the resistance per 
square foot of midship section at 46 lbs. at a speed of 
9 knots per hour, which is just double the resistance 
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per square foot of the Rattler. The diameter of the 
screw of the Minx is 4^ feet, so that the area of its 
disc is 15 ’9 square feet, and the area of immersed 
midship section is about 5 times greater than that of 
the screw^s disc. The diameter of the screw of the 
Dwarf is 5 feet 8 inches, so that the area of its disc is 
25*22 square feet, and the area of immersed midship 
section is 2*4 times greater than that of the screw’s 
disc. The pressure per square foot of the screw’s 
disc is 214 lbs. in the case of the Minx, and 109^ lbs. 
in the case of the Dwarf. 

590. Q. — From the greater proportionate resist- 
ance of small vessels, will not they require larger 
proportionate screws than large vessels ? 

A » — They will. 

, 591. Q. — Is there any ready means of predicting 
what the amount of thrust of a screw will be ? 

A, — When we know the amount of pressure on 
the pistons, and the velocity of their motion relatively 
with the velocity of advance made by the screw, 
supposing it to work in a solid nut, it is easy to tell 
what the thrust of the screw would be if it were 
cleared of the effects of friction and other irregular 
sources of disturbance. The thrust, in fact, would be 
at once found by the principle of virtual velocities ; and 
if we take this theoretical thrust and diminish it by 
one-fourth to compensate for friction and lateral slip, 
we shall have a near approximation to the amount of 
thrust that will be actually exerted.* 


See Treatise on the Screw Propeller, by J. Bourne, C.E, 
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COMPARATIVE ADVANTAGES OF DIFFERENT KINDS OF 
SCREWS. 

592. Q. — What species of screw do you consider 
the best ? 

A. — In cases in which a large diameter of screw 
can be employed, the ordinary screw or helix with 
two blades seems to be as effective as any other, and 
it is the most easily constructed. If, however, the 
screw is restricted in diameter, or if the vessel is 
required to tow, or will have to encounter habituall}^ 
strong head winds, it will be preferable to employ a 
screw with an increasing pitch, and also of such other* 
configuration that it will recover from the water some 
portion of the power that has been expended in slip. . 

593. Q. — How can this be done ? 

A, — There are screws which are intended to accom- 
plish this object already in actual use. When there is 
much slip a centrifugal velocity is given to the water, 
and the screw, indeed, if the engine be set on when 
the vessel is at rest, acts very much as a centrifugal 
fan Avould do if placed in the same situation. Tiie 
water projected outwards by the centrifugal force 
escapes in the line of least resistance, which is to the 
surface ; and if there be a high column of water over 
the screw, or, in other words, if the screw is deeply 
immersed, then the centrifugal action is resisted to a 
greater extent, and there will be less slip produced. 
The easiest expedient, therefore, for obviating loss 
by slip is to sink the screw deeply in the water ; but 
as there are obvious limits to the application of this 
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remedy, the next best device is to recover and render 
available for propulsion some part of the power 
which has been expended in giving motion to the 
water. One device for doing this consists in placing 
the screw well forward in the dead wood, so that it 
shall be overhung by the stern of the ship. The 
water forced upward by the centrifugal action of the 
screw will, by impinging on the overhanging stern, 
press the vessel forward in the water, just in the 
same way as is done by the wind when acting on an 
oblique sail. I believe, that two revolving vanes 
without any twist or obliquity on them at all, would 
propel a vessel if set well forward in the dead wood 
or beneath the bottom, merely by the ascent of the 
water up the inclined plane of the vessel’s run ; and, 
at all events, a screw so placed would, in my judg- 
ment, aid materially in propelling the vessel when her 
progress was resisted by head winds. 

594. Q. — But you said there are some kinds of 
screws which profess to accomplish this? 

A. — There are screws which profess to counteract 
the centrifugal velocity given to the water by impart- 
ing to it an equal centripetal force, the consequence of 
which will be, that the water projected backward by 
the screw, instead of taking the form of the frustrum 
of a cone, with its small end next the screw, will take 
the form of a cylinder. One of these forms of screw' 
is that patented by the Earl of Dundonald in 184:>, 
and which is represented in Jig, 49. Another is the 
form of screw already represented in fig. 48., and 
which was patented by Mr. Hodgson in 1844. Mr. 
Hodgson bends the arms of his propellers backward. 
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not into the form of a triangle, but into the form of a 
parabola, to the end that the impact of the screw on 


Fig. 49. 



the particles of the water may cause them to converge 
to a focus, as the rays of light would do in a parabolic 
reflector. But this particular configuration is not 
important, seeing that the same convergence which 
is given to the particles of the water, with a screw of 
uniform pitch bent back into the form of a parabola, 
will be given with a screw bent back into the form of 
a triangle, if the pitch bo suitably varied between the 
centre and the circumference. 

595. Q. — Then the pitch may be varied in two 
ways ? 

A, — Yes : a screw may have a pitch increasing in 
the direction of the length, as would happen in the 
case of a spiral stair, if every successive step in the 
ascent was thicker than the one below it ; or it may 
increase from the centre to the circumference, as 
would happen in the case of a spiral stair, if every 
step were thinner at the centre of the tower than at 
its outer wall. When the pitch of a screw increases 
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in the direction of its length, the leading edge of the 
screw enters tiie water without shock or impact, as 
the advance of the leading, edge per revolution will 
not be greater than the advance of the vessel. When 
the pitch of a screw increases in the direction of its 
diameter, the central part of the screw will advance 
with only the same velocity as the water, so tliat it 
cannot communicate any centrifugal velocity to the 
water ; and the whole slip, as well as the whole pro- 
polling pressure, will occur at the outer part of the 
screw blades. 

596. Q. — Is there any advantage derived from these 
forms of screws ? 

A. — There is a slight advantage, but it is so 
slight as hardly to balance the increased trouble of 
manufacture, and, consequently, they are not generally 
or widely adopted. 

597. Q. — What other kinds of screw are there 
proposing to themselves the same or similar objects ? 

Al. — There is the corrugated screw, the arms of 
which are corrugated, so as it were to gear with the 
water during its revolution, and thereby prevent it 
from acquiring a centrifugal velocity. Then there is 
Griffith’s screw, which has a large ball at its centre, 
which, by the suction it creates at its hinder part, in 
passing through the water, produces a converging 
force, which partly counteracts the divergent action 
of the arms. Finally, there is Holm's screw, which 
has now been applied to a good number of vessels 
with success. 

598. Q. — Will you describe the configuration and 
action of Holm’s screw ? 
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A. — First, then, the screw increases in the direction 
of its length, and this increase is very rapid at the 
following edge, so that, in fact, the following edge 
stands in the plane of the shaft, or in the vertical 
longitudinal plane of the vessel. Then the ends of 
the arms are bent over into a curved flange, the edge 
of which points astern, and the point where this curved 
flange joins tiie following edge of the screw is formed, 
not into an angle, but into a portion of a sphere, so 
that this corner resembles the bowl of a spoon. When 
the screw is put into revolution, the water is encoun- 
tered by the leading edge of the screw without shock, 
as its advance is only equal to the advance of the 
vessel, and before the screw leaves the water it is 
projected directly astern. At the same time, the 
curved flange at the rim of the screw prevents the dis- 
persion of the water in a radial direction, and it con- 
sequently assumes the form of a column or cylinder of 
water, projected backward from the ship. 

599. Q. — What is the nature of Beattie’s screw ? 

A, — Beattie’s screw is an arrangement of the 

screw propeller whereby it is projected beyond the 
rudder, and the main object of the arrangement is to 
take away the vibratory motion at the stern, — an inten- 
tion which it accomplishes in practice. There is an 
oval eye in the rudder, to permit the screw shaft to 
pass through it, as shown in 50. 

600. Q. — When the diameter of the cylinder of 
water projected backward by a screw, and the force 
urging it into motion are known, may not the velocity 
it will acquire be approximately determined ? 

A , — That will not be very difficult; and I will take 
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for illustration the case of the Minx, already referred 
to, which will show how such a computation is to be 



BKATTIli’s ARRANOEMENT OP ScRKW PrOPELLBR. 
a a the rudder, s the shaR, h boss for supporting shaft. 

conducted. The speed of this vessel, in one of the ex- 
periments made with her, was 8*445 knots; the number 
of revolutions of the screw per minute, 231*32; and 
the pressure on each square foot of area of the screw’s 
disc, 214 lbs. If a knot be taken to be 6075*6 feet, 
then the distance advanced by the vessel, when the 
speed is 8*445 knots, will be 3*7 feet per revolution, 
and this advance will be made in about *26 of a second 
of time. Now the distance which a body will fall by 
gravity, in *26 of a second, is 1*087 feet; and a weight 
of 214 lbs. put into motion by gravity, or by a pressure 
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of 214 lbs., would, tlierefore, acquire a velocity of 
1 *087 feet during the time one revolution of the screw 
is being performed. The weight to be moved, how- 
ever, is 3*7 cubic feet of water, that being the new 
water seized by the screw each revolution for every 
square foot of surface in the screw’s disc; and 3*7 
cubic feet of water weigh 231*5 lbs., so that the 
urging force of 214 lbs. is somewhat less than the 
force of gravity, and the velocity of motion communi- 
cated to the water will be somewlmt under 1*087 feet 
per revolution, or we may say it will be in round 
numbers 1 foot per revolution. Tliis, added to the 
progress of the vessel, will make the distance advanced 
by the screw through the water 4*7 feet per revolu- 
tion, leaving the difference between this and the pitch, 
namely 1*13 feet, to be accounted for on the supposi- 
tion that the screw blades had broken laterally through 
the water to that extent. It would be proper to apply 
some correction to this computation, which would 
represent the increased resistance due to the immersion 
of the screw in the water; for a column of water can- 
not be moved in the direction of its axis beneath the 
surface, without giving motion to the superincumbent 
water, and the inertia of this superincumbent water 
must, therefore, be taken into the account. In the 
experiment upon the Minx, the depth of this superin- 
cumbent column was but small. The total amount of 
the slip was 36*53 per cent. ; and there will not be 
much error in setting down about one-half of this as 
due to the recession of the water in the direction of the 
vessel’s track, and the other half as due to the lateral 
penetration of the screw blades. 
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601. Q. — Is it not important to make the stern of 
screw vessels very fine, with the view of diminisliing 
the slip, and increasing the speed ? 

A. — It is most important. The Rifleman, a vessel 
of 486 tons, had originally engines of 200 horses 
power, which propelled her at a speed of 8 knots an 
hour. The Teazer, a vessel of 296 tons, had originally 
engines of 100 horses power, which propelled lier at a 
speed of 6^ knots an hour. The engines of the Teazer 
were subsequently transferred to the Rifleman, and 
new engines of 40 horse power were put into the 
Teazer. Both vessels were simultaneously sharpened 
at the stern, and the result was, that the 100 horse 
engines drove the Rifleman, when sharpened, as fast 
as she had previously been driven by the 200 horse 
engines ; and the 40 liorse engines drove the Teazer, 
when sharpened, a knot an hour faster than she had 
previously been driven by the 100 horse engines. 
The immersion of both vessels was kept unchanged in 
each case ; and the 100 horse engines of the Teazer, 
when transferred to the Rifleman, drove that vessel 
after she had been sharpened, 2 knots an hour faster 
than they had previously driven a vessel not much 
more than half the size. These are important facts 
for every one to be acquainted with who is interested 
in the success of screw vessels, and who seeks to 
obtain the maximum of efficiency with the minimum 
of expense.* 

^ See Treatise on the Screw Propeller, by John Bourne, C.E. 
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PROPORTIONS OP SCREWS. 

602. Q. — In fixing upon the proportions of a screw 
proper to propel any given vessel, how would you 
proceed ? 

A , — I would first compute the probable resistance 
of the vessel, and I would be able to find the relative 
resistances of the screw and hull, and in every case it 
is advisable to make the screw as large in diameter as 
possible. The larger the screw is, the greater will be 
the efficiency of the engine in propelling the vessel; 
the larger will bo the ratio of tl»e pitch to the dia- 
meter, which produces a maximum effect; and the 
smaller will be the length of the screw or the fraction 
of a convolution to produce a maximum effect. 

603. Q Will you illustrate this doctrine by a 

practiciil example? 

A. — The French screw steamer Pelican was fitted 
successively with two screws of four blades, but the 
diameter of the first screw was 98*42 inches, and the 
diameter of tlie second 54 inches. If the efficiency of 
the first screw be represented by 1, that of the second 
.screw will be represented by *823, or, in other words, 
if the first screw would give a speed of 10 knots, the 
second would give little more than 8. The most 
advantageous ratio of pitch to diameter was found to 
be 2 2 in the case of the large screw, and 1*384 in the 
case of the small. The fraction of a convolution 
which was found to be most advantageous was *281 
in the case of the large screw, and *450 in the case of 
the small screw. 
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604. Q. — Were screws of four blades found to be 
more efficient than screws with two ? 

A. — They were found to have less slip, but not to 
be more efficient, the increastal slip in those of two 
blades being balanced by the increased friction in 
those of four. Screws of two blades, to secure a maxi- 
mum efficiency, must have a finer pitch than screws of 
four. 

605. Q. — Are the proportions found to be most 
suitable in the case of the Pelican apj)lieablc to the 
screws of other vessels ? 

A, — Only to those which have the same relative 
resistance of screw and hull. Taking the relative 
resistance to be the area of immersed midsbip s(.'e-tion, 
divided by the sejuare of the screw’s diameter, it will 
in the case of the Rattler be yj ■} or 3'8. From tbe ex- 
periments made by MM. Bourgois and Moll on the 
screw steamer Pelican, tlioy liave deduced the pro- 
portions of screws pr<»per for all other classes of vessels, 
whctlicr the screws ar<‘. of two, four, or six blades. 

606. Q — Will you specify the nature of their 
deductions ? 

A. — T will first enumerate those wliicli bear upon 
screws with two blades. When the relative n sist- 
nnee is 5'o the ratio of pitch to diameter should he 
1’006, and the fraction of the pitch or proportion of 
one entire convolution should be 0*454. When the 
relative resistance is 5, the ratio of pitch to diameter 
should be 1*069, and fraction of }»itcli 0*428 ; relative 
resistance 4*5, }»itch 1*135, fraction 0*402 ; relative 
resistance 4, pitch 1*205, fraction 0*378 ; relative 
resistance 3*5, pitch 1*279, fraction 0*355 • relative 
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resistance 3, pitch 1*357, fraction 0*334 ; relative re- 
sistance 2*5, pitch 1*450, fraction 0*313 ; relative re- 
sistance 2, pitch 1*560, fraction 0*294 ; relative resist- 
ance 1*5, pitch 1*682, fraction 0*275. The relative 
resistance of 4 is that which is usual in an auxiliary 
line of battle ship, 3*5 in an auxiliary frigate, 3 in a 
high speed line of battle ship, 2*5 in a high speed 
frigate, 2 in a high speed corvette, and 1*5 in a high 
speed despatch boat. 

607. Q. — What are the corresponding proportions 
of screws of four blades ? 

ji . — The ratios of the pitches to the diameter being 
for each of the relative resistances enumerated above, 
1*342, 1*425, 1*513, 1*607, 1*705, 1*810, 1*933, 2*080, 
and 2*243, tho respective fractions of pilch or frac- 
tions of a whohi convolution will be 0*455, 0*428, 
0*402, 0*378, 0*355, 0*334, 0*313, 0*294, and 0*275. 

608. Q . — And wliat are the corresponding propor- 
tions proper for screws of six blades ? 

A, — beginning with the relative resistance of 5*5 
as before, the proper ratio of pitch to diameter for 
that and each of the successive resistances in the case 
of screws with six blades, will be 1*677, 1*771, 1*891, 
1*2009, 2*131, 2*262, 2*416, 2*600, 2*804; and the re- 
spective fractions of pitch will be 0*794, 0*749, 0*703, 
0*661, 0 621, 0*585, 0*548, 0*515, and 0*481. These 
are the proportions which will give a maximum per- 
formance in every case.* 

♦ In my Treatise on the Screw Propeller I have gone into 
these various questions more fully than would consort with the 
limits of this publication. 
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SCREW VESSELS WITH FULL AND AUXILIARY POWER. 

609. Q, — Do you consider that the screw propeller 
is best adapted for vessels with full power, or lor 
vessels with auxiliary power ? 

A * — It is, in my opinion, best adapted for vessels 
with auxiliary power, and it is a worse propeller than 
paddle wheels for vessels which have habitually to 
encounter strong head windvS. Screw vessels are but 
ill calculated — at least as constructed heretofore — to 
encounter head winds, and the legitimate sphere of the 
screw is in propelling vessels witli auxiliary power. 

610. Q. — Docs the screw act well in conjunction 
with sails ? 

A , — I cannot say it acts better than paddles, ex- 
cept in so far as it is less in the way and is less afiected 
by the listing or heeling over of the ship. A small 
steam power, however, acts very advantageously in 
aid of sails, for not only does the operation of the sails 
in reducing the resistance of the hull virtually increase 
the screw’s diameter, but the screw, by reducing the 
resistance which has to be overcome by the sails and 
by increasing the speed of the vessel, enables the sails 
to act with greater efficiency, as the wind will not 
rebound from them with as great a velocity as it 
would otherwise do, and a larger proportion of the 
power of the wind will also be used up. In the case 
of beam winds, moreover, the action of the screw, by 
tlie larger advance it gives to the vessel, will enable 
the sails to intercept a larger column of wind in a 
given time. It appears, thcrefon^ that the sails add 



^OG EXPENSE OF TRANSrOP/r IN DIFFERENT VESSELS. 


to tlu‘. cfTiciency of tlie screw, and that the screw also 
adds to the efficiency of the sails. 

Gll. Q. — What is the comparative cost of trans- 
porting ni(;rcliandise in paddle steamers of full power, 
in screw steamers of auxiliary power, and in sailing 
sliijis ? 

A. — Tliat will depend very much upon the locality 
where the comparison is made. In the case of vessels 
performing distant ocean voyages, in which they may 
reckon upon the aid of uniform and constant winds, 
such as the trade winds or the monsoon, sailing ships 
of largo size will be able to carry more cheaj)ly than 
any other species oi' vessel. But where the winds are 
irrt'gular and there is not much sea room, or for sucli 
circumstances as exist in the Channel or Mediter- 
ranean trades, screw vessels with auxiliary power will 
constitute the cheapest instniiiKnit of conveyance. 

612. Q. — Are there any facts recorded illustrative 
of the accuracy of this conclusion ? 

A. — A full paddle vessel of 1000 tons burden and 
3o0 Jiorscs power, will carry about 400 tons of cargo, 
besides coal i‘or a voyage of 500 miles, and the expense 
of such a voyage, including wear and tear, deprecia- 
tion, &c., will be about 190/. The duration of the 
voyage will be about 45^ hours. A screw vessel of 
400 tons burden and 100 horses power, will carry the 
same amount of cargo, besides her coals, on the same 
voyage, and the expense of the voyage, including wear 
and tear, depreciation, &c., will be not much more, 
than 60/. An auxiliary screw vessel, therefore, can 
carry merchandise at one-third of the cost of a full- 
powered paddle vessel. By similar comparisons made 
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between the expense of conveying merchandise in 
auxiliary screw steamers and sailing ships on coasting 
voyages, it appears that the cost in the screw steamers 
is about one-third less than in the sailing ships ; the 
greater expedition of the screw steamers much more 
than compensating for the expense which the main- 
tenance of the machinery involves. 


SCREW AND PADDLES COMBINED. 

613. Q. — Would not a screw combined with pad- 
dles act in a similarly advantageous way as a screw or 
paddles when aided by the wind ? 

A, If in any given paddle vessel a supplementary 
screw be added to increase her power and speed, th(‘. 
screw will act in a more beneficial manner than if it 
had the whole vessel to propel itself, and for a like 
reason the paddles will act in a more beneficial 
manner. There will be less slip both u[)on the pad- 
dles and upon the screw than if either had been 
employed alone; but the same object would be attained 
by giving the vessel larger paddles or a larger screw. 

614. Q. — Have any vessels been constructed with 
combined screw and paddles? 

A. — Not any that 1 know of, except the great vesscfl 
built under the direction of Mr. Brunei. The Be(i 
many years since was fitted with both screw and 
paddles, but this was for the purpose of ascertaining 
the relative efficiency of the two modes of propulsion, 
and not for the purpose of using both together. 

615. Q. — What would be the best means of ac- 
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celerating the speed of a paddle vessel by the intro- 
duction of a supplementary screw ? 

A. — If the vessel requires new boilers, the best 
course of procedure would be to work a single engine 
giving motion to the screw with high pressure steam, 
and to let the waste steam from the high pressure 
engine work the paddle engines. In this way the 
power might be doubled without any increased ex- 
penditure of fuel per hour, and there would be a 
diminished expenditure per voyage in the proportion 
of the increased speed. 

616. Q. — What would the increased speed be by 
doubling the power ? 

A, — The increase would be in the proportion of 
the cube root of 1 to the cube root of 2, or it would 
be 1*25 times greater. If, therefore, the existing 
speed were 10 miles, it would be increased to 12^ 
miles by doubling the power, and the vessel would ply 
with about a fourth less coals by increasing the power 
in the manner suggested. 

617. Q . — Is not high pressure steam dangerous in 
steam vessels? 

A» — Not necessarily so, and it has now been intro- 
duced into a good number of steam vessels with 
satisfactory results. In the case of locomotive en- 
gines, where it is used so widely, very few accidents 
have occurred; and in steam vessels the only ad- 
ditional source of danger is the salting of the boiler. 
This may be prevented either by the use of fresh 
water in the boiler, or by })ractising a larger amount 
of blowing off, to insure which it should be impossible 
to diminish the amount of water sent into the boiler 
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by the feed pump, and the excess should be discharged 
overboard through a valve near the water level of the 
boiler, which valve is governed by a float that will 
rise or fall with the fluctuating level of the water. If 
the float be a copper ball, a little water should be 
introduced into it before it is soldered. or brazed up, 
which will ensure an equality of pressure within and 
without the ball, and a leakage of water into it will 
then be less likely to take place. A stone float, 
however, is cheaper, and if properly balanced will bo 
equally effective. All steam vessels should have a 
large excess of boiling feed water constantly flowing 
into the boiler, and a large quantity of water con- 
stantly blowing off through the surface valves, wliich 
being governed by floats will open and let the super- 
fluous water escape whenever the water level rises too 
high. In this way the boiler will bo kept from salt- 
ing, and priming will be much less likely to octeur. 
The great problem of steam navigation is the economy 
of fuel, since the quantity of fuel consumed by a 
vessed will very much determine whether she is pro- 
fitable or otherwise. Notw'ithstanding the momentous 
iiature of this condition, however, the consumption of 
fuel in steam vessels is a point to which very little 
attention has been paid, and no efficient means have 
yet been adopted in steam vessels to insure tliat 
measure of economy which is known to be attainable, 
and which has been attained already in otiier depart- 
ments of engineering in which the benefits of sucli 
economy are of less weighty import. It needs nothing 
more than the establishment of an efficient system of 
registration in steam vessels, to insure a large and 
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rapid economy in the consumption of fuel, as this 
quality would then become the test of an engineer’s 
proficiency, and would determine the measure of his 
fame. In the case of the Cornish engines, a saving of 
more than half the fuel was speedily effected by the 
introduction of the simple expedient of registration. 
In agricultural engines a like economy has speedily 
followed from a like arrangement ; yet in both of these 
cases the benefits of a large saving are less eminent 
than they would be in the case of steam navigation ; 
and it is to be hoped that this expedient of improve- 
ment will now be speedily adopted. 
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CHAP. X. 

EXAMPLES OF ENGINES. 


OSCILLATING PADDLE ENGINES. 

618. Q. — Will you describe the structure of an oscil- 
lating engine as made by Messrs. Penn ? 

A, — To do this it will be expedient to take an 
engine of a given power, and then the sizes may be 
given as well as an account of the configuration of 
the parts: wo may take for an example a pair of 
engines of 2 I J- inches diameter of cylinder, and 22 
indies stroke, rated by klessi’s. Penn at 12 horses 
power eacli. The cylinders of this oscillating engine 
are placed beneath the cranks, and, as in all Messrs. 
Penn’s smaller engines, the piston rod is connected to 
the crank pin by means of a brass cap, provided with 
a socket, by means of which it is cuttered to the 
piston rod. There is but one air pump, which is 
situated within the condenser between the cylinders, 
and it is wrought by means of a crank in the inter- 
mediate shaft — this crank being cut out of a solid 
piece of metal as in the formation of the cranked 
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axles of locomotive engines. The steam enters the 
cylinder through the outer trunnions, or the trunnions 
adjacent to the ship’s sides, and enters the condenser 
through the two midship trunnions — a short three 
ported valve being placed on the front of the cylinder 
to regulate the flow of steam to and from the cylinder 
ill the proper manner. The weight of this valve on 
one side of the cylinder is balanced by a weight hung 
upon the other side of the cylinder ; but in the most 
recent engines tliis weight is discarded, and two 
valves are used, which balance one another. The 
framing consists of an upper and lower frame of cast 
iron, bound together by eight malleable iron columns: 
upon the lower frame the pillow blocks rest which 
carry the cylinder trunnions, and the condenser and 
the bottom frame are cast in the same piece. The 
upper frame supports the paddle shaft pillow blocks ; 
and pieces are bolted on in continuation of the upper 
frame to carry the paddle wheels, which arc overhung 
from tlie journal. 

619. Q. — What are the dimensions and arrange- 
ment of the framing ? 

A* — The web, or base plate, of the lower frame is 
J of an inch thick, and a cooming is carried all round 
the cylinder, leaving an opening of sufficient size to 
permit the necessary oscillation. The cross section of 
the upper frame is that of a hollow beam 6 inches 
deep, and about inches wide, with holes at the 
sides to take out the core ; and the thickness of the 
metal is -^^tlis of an inch. Both the upper and the 
lower frame is cast in a single piece, with the excep- 
tion of the continuations of the upper frame, which 
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support the paddle wheels. An oval ring 3 inches 
wide is formed in the upper frame, of sufficient size to 
permit the working of the air pump crank ; and from 
this ring feathers run to the ends of the cross portions 
of the frame which support the intermediate shaft 
journals. The columns are 1^ inch in diameter ; 
they are provided with collars at the lower ends, 
whicli rest upon bosses in the lower frame, and with 
collars at the upper ends for supporting the upper 
frame ; but the upper collars of two of the corner 
columns are screwed on, so as to enable the columns 
to be drawn up wlien it is required to get the cylinders 
out. The cross section of the bottom frame is also of 
tlie form of a hollow beam, 7 inches deep, except in 
the region of the condenser, where it is, of course, of 
a different form. The depth of the boss for the re- 
ception of the columns is a little more than 7 inches 
deep on the lower frame, and a little more than 6 
inches deep on the upper frame ; and the holes through 
them are so cored out, that the columns only bear at 
the upper and lower edges of the hole, instead of all 
through it — a formation by which the fitting of the 
columns is facilitated. 

620. Q. — What are the dimensions of the con- 
denser ? 

A, — The condenser, which is cast upon the lower 
frame, consists of an oval vessel 22^ inches wide, by 
2 feet inches long, and 1 foot lOJ^ inches deep; it 
stands 9 inches above the upper face of the bottom 
frame, the rest projecting beneath it ; and it is en- 
larged at the sides by being carried beneath the 
trunnions. 



414 penn’s oscillating paddle engine. 


621. Q. — What arc the dimensions of the air 
pump ? 

A, — The air pump, which is set in the centre of 
the condenser, is 15|- inches in diameter, and has a 
stroke of 1 1 inches. The foot valve is situated in the 
bottom of the air pump, and its seat consists of a disc 
of brass, in which tliere is a rectangular flap valve, 
opening ui>wards, but rounded on one side to the circle 
of the pump, and so balanced as to enable the valve 
to open with facility. The balance weight, which is 
formed of brass cast in the same piece as the valve 
itself, operates as a stop, by coming into contact with 
the disc which constitutes the bottom of the pump ; 
the disc being recessed opposite to the stop to enable 
the valve to open suflicieiitly. This disc is bolted to 
the barrel of the pump by means of an internal flange, 
and before it can be removc^d the pump must be lifted 
out of its place. The air pump barrel is of brass, to 
which is bolted a cast iron mouth piece, with a port 
lor carrying the \rater to the hot well ; and within 
the hot well the delivery valve, which consists of a 
common flap valve, is situated. The mouth piece and 
tiie air pump barrel are made tight to the condenser, 
and to one another, by means of metallic joints care- 
fully scraped to a true surface, so that a little white 
or red lead interposed makes an air tight joint. The 
air pump bucket is of brass, and the valve of the 
bucket is of the common pot lid or spindle kind. The 
injection water enters through a single cock in front 
of the condenser — the jet striking against the barrel 
of the air pump. The air pump rod is maintained in 
its vertical position by means of guides, the lower 
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ends of wliich are bolted to the moutli of the pump, 
and the upper to the oval in the top frame, within 
which the air pump crank works ; and the motion is 
communicated from this crank to the pump rod by 
means of a short connoctin" rod. The lower frame is 
not set immediately below the top frame, but 2^ 
inches behind it, and the air pump and condenser are 
21 inches nearer one edge of the lower frame than 
the other. 

622. Q . — Wliat are the dimensions of tlie cylinder? 

A. — The thickness of the metal of the cylinder is 
^”^ths of an incli ; the depth of the brdt of the cylinder 
is 9.} inches, and its greatest projection from the cy- 
linder is 2^ inches. The distance from the lower edge 
of the belt to the bottom of tlie cylinder is ll j- indies, 
and from the upper edge of the belt to the top flange 
of the cylinder is 9 inches. The trunnions are 
indies diameter in the bearings, and inches in 
'width ; and the flanges to which the glands are at- 
tached for screwing in the trunnion packings are 
inch thick, and have |ths of an inch of projection. 
The width of the packing space round the trunnions 
is |ths of an inch, and the diameter of the pipe pass- 
ing through the trunnions djths, which leaves j-J^ths 
for the thickness of the metal of the bearing. Above 
and below each trunnion a feather runs from the 
edge of the belt or bracket between 3 and 4 inches 
along the cylinder, for the sake of additional support ; 
and in large engines the feather is continued through 
the interior of the belt, and cruciform feathers are 
added for the sake of greater stiffness. The projection 
of the outer face of the trunnion flange from the side 
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of the cylinder is 6^ inches; the thickness of the 
flange round the mouth of the cylinder is f of an 
inch, and its projection 1|^ inch ; the height of the 
cylinder stuffing box above the cylinder cover is 4^ 
inches, and its external diameter 4|^ inches — the 
diameter of the piston rod being 2^ inches. The 
thickness of the stuffing box flange is 1^- inch. 

623. Q. — Will you describe the nature of the 
communication between the cylinder and condenser ? 

A. — The pipe leading to the condenser from the 
cylinder is made somewhat bell mouthed where it 
joins the condenser, and the gland for compressing 
the packing is made of a larger internal diameter in 
every part except at the point at which the pipe 
emerges from it, where it accurately fits the pipe so 
as to enable the gland to squeeze the packing. By 
this construction the gland may be drawn back with- 
out being jammed upon the enlarged part of the pipe; 
and the enlargement of the pipe towards the condenser 
prevents the air pump barrel from offering any im- 
pediment to the free egress of the steam. The gland 
is made altogether in four pieces: the ring which 
presses the packing is made distinct from the flange 
to which the bolts are attached which force tlie gland 
against the packing, and both ring and flange are 
made in two pieces, to enable them to be got over the 
pipe. The ring is half checked in the direction of its 
depth, and is introduced without any other support to 
keep the halves together, than what is afforded by the 
interior of the stuffing box; and the flange is half 
checked in the direction of its thickness, so that the 
bolts which press down the ring by passing through 
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this half-checked part, also keep the segments of the 
flange together. The bottom of the trunnion packing 
space is contracted to the diameter of the eduction 
pipe, so as to prevent the packing from being squeezed 
into the jacket ; but the eduction pipe does not fit 
quite tight into tliis contracted part, but, while in 
close contact on the lower side, lias about ^V^d of an 
inch of space between the top of the pipe and the 
cylinder, so as to permit the trunnions to wear to that 
extent without throwing a strain upon the pip<L The 
eduction pipe is attached to the condenser by a flange 
joint, and the bolt holes are all made somewhat ob- 
long in the perpendicular direction, so as to permit 
the pipe to be slightly lowered, should such an opera- 
tion be rendered necessary by the wear of the trunnion 
bearings ; but in practice the wear of the trunnion* 
bearings is found to be so small, as to be almost inap- 
preciable. 

624. — Q, Will you describe the valve and valve 
casing ? 

A . — The length of the valve casing is inches, 
and its projection from the cylinder is 3J- inches at 
the top, 4^ inches at the centre, and 2-^ inches at the 
bottom, so that the back of the valve casing is not 
made flat, but is formed in a curve. The width of 
the valve casing is 9 inches, but there is a portion of 
the depth of the belt 1 J inch wider, to permit the 
steam to enter from the belt into the casing. The 
valve casing is attached to the cylinder by a metallic 
joint ; the width of the flange of this joint is incli, 
the thickness of the flange on the casing ^ inch, and 
the thickness of the flange on the cylinder |ths of an 
E E 
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inch. The projection from the cylinder of the passage 
for carrying tlie steam upwards and downwards, from 
the valve to the top and bottom of the cylinder, is 2^ 
indies, and its width externally 8f inches. The 
valve is of the ordinary three ported description, and 
both cylinder and valve faces are of cast iron. 

62d. Q. — What description of piston is used ? 

A . — The piston is packed with hemp, but the junk 
ring is made of malleable iron, as cast iron junk rings 
have been found liable to break : there are four plugs 
screwed into the cylinder cover, which, when removed, 
permit a box key to be introduced, to screw down the 
piston packing. The screws in the junk ring are 
each provided with a small ratchet, cut in a washer 
fixed upon the head, to prevent the screw from 
turning back ; and the number of clicks given by 
these ratchets, in tightening up the bolts, enables the 
engineer to know when tliey have all been tightened 
equally. In more recent engines, and especially in 
those of large size, jMessrs. Penn employ for the piston 
packing a single metallic ring with tongue piece and 
indented plate behind the joint ; and this ring is 
packed Ixdiiiid with hemp squeezed by the junk ring 
as in ordinary hemp-packed pistons. 

626. Q. — AYill you describe the construction of 
the cap for connecting the piston rod with the crank 
pin ? 

A * — The cap for attaching the piston rod to the 
crank pin, which is exhibited in perspective in Jig, 51., 
is formed altogetiit‘r of brass, which brass serves to 
form the bearing of the crank pin. The external 
diameter of the socket by which this cap is attached 
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to the piston rod is ^fV inches. The diameter of the 
crank pin is 3 inches, and the lengtli of the crank 
pin l^earing 3| inches. The thick- 
ness of the brass around the crank 
pin bearing is 1 inch, and the 
upper portion of the brass is se- 
cured to the lower portion by 
means of lugs, which are of such 
a depth that the perpendicular 
section through the centre of the 
bearing has a square outline mea- 
suring 7 inches in the horizontal 
direction, 3J inches from the 
centre of the pin to the level of 
the top of the lugs, and 2 J inches 
from the centre of the pin to 
the level of the bottom of the 
lugs. The width of the lugs is 
^’Mess^^peun**’* ^ inchcs, and the bolts passing 
through them are inch in 
diameter. The bolts are tapped into the lower portion 
of the cap, and are fitted very accurately by scraping 
wdiere they pass through the upper portion, so as to 
act as steady pins in preventing the cover of the 
crank pin bearing from being worked sideways by the 
alternate thrust on each side. The distance between 
the centres of the bolts is 5 inches, and in the centre 
of the cover, where the lugs, continued in the form of 
a web, meet one another, an oil cup inch in dia- 
meter, 1-ff inch high, and provided with an internal 
pipe, is cast upon the cover, to contain oil for the 
lubrication of the crank pin bearing. The denth of 

X £ 2 
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the cutter for attaching the cap to the piston rod is 
inch and its thickness is fths of an inch. 

627. Q. — Will you describe the means by which 
the air pump rod is connected with the crank which 
works the air pump ? 

yl , — A similar cap to that of the piston rod attaches 

Ffff . 52. 
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the air pump crank to the connecting rod by which 
the air pump rod is moved, but in this instance the 
diameter of the bearing is 5 indies, and the length of 
the bearing is about 3 inches. The air pump connect- 
ing rod and cross head are shown in perspective in 
fg, 52. Tlie thickness of the brass encircling the 
bearing of the shaft is three-fourths of an inch upon 
the edge, and 1^ inch in the centre, the back being 
slightly rounded ; the width of the lugs is If inch, 
and the depth of the lugs is 2 inches upon the upper 
brass, and 2 inches upon the lower brass, making a 
total depth of 4 inches. The diameter of th(3 bolts 
passing through the lugs is 1 inch, and the bolts are 
tapped into the lower brass, and accurately fitted into 
the upper one, so as to act as steady pins, as in the 
previous instance. The lower (jye of the connecting 
rod is forked, so as to admit the eye of the air pump 
rod ; and the pin which connects tlie two together is 
prolonged into a cross head, as shown in fig, 52. The 
ends of this cross head move in guides. The forked 
end of the connecting rod is fixed upon the cross 
liead by means of a leather, so that the cross Jiead 
j)artakes of the motion of the connecting rod, and 
a cap, similar to that attached to the piston rod, 
is attached to the air pump rod, for connecting it 
with the cross head : this cap is sliown in fig. 53. 
The diameter of the air pump rod is 1| inch, tlic 
external diameter of the socket encircling tlie rod 
is 2f inches, and the depth of the socket 4J inches 
from tlie centre of the cross head. The depth of the 
cutter for attaching the socket to tlie rod is 1 inch, 
and its thickness inch. The breadth of the lugs is 
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1-| inch, the depth inch, making a 
total depth of 2^ inches ; and the dia- 
meter of the bolts seven-eighths of an 
inch. The diameter of the cross head 
at the centre is 2 inches, the thickness 
of each jaw around the bearing I inch, 
and the breadth of each inch. 

628. Q — What are the dimensions 
of the crank shaft and cranks ? 

A . — The diameter of the interme- 
diate shaft journal is indies, and of 

Cap op Air Pump paddle shaft joumal 4 ^ inclics ; the 
lioo. Messrs. Puiin. length of the journal in each case is 
5 inches. The diameter of the large eye of the crank 
is 7 inches, and the diameter of the hole through it is 
4^ inches ; the diameter of the small eye of the crank is 
d j inches, the diameter of the hole through it being 3 
inches. The depth of the large eye is 4^ inches, and of 
the small eye SJ inches ; the breadth of the web is 4 
inches at the shaft end, and 3 inches at the pin end, and 
the thickness of the web is 2| inches. The width of the 
notch forming the crank in the intermediate sliaft for 
working the air pump is 3^ inches, and the width of 
each of the arms of this crank is 3|-g- inches. Both 
the outer and inner corners of the crank are chamfered 
a^ray, until the square part of the crank meets the 
round of the shaft. The method of securing the 
crank pins into the crank eyes of the intermediate 
shaft consists in the application of a nut to the end of 
each pin, where it passes through the eye, the project- 
ing end of the pin being formed with a thread upon 
which the nut is screwed. 
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629. Q. — ^Willyoa 
describe the eccentric 
and eccentric rod ? 

A , — The eccentric 
and eccentric rod are 
shown in Jig> 54. 
The eccentric is pnt 
on the crank shaft in 
two halves, joined in 
the diameter of larg- 
est eccentricity by 
means of a single 
bolt passing through 
lugs on the central 
eye, and the back 
balance is made in 
a separate piece five- 
eighths of an inch 
thick, and is attached 
by means of two 
bolts, which also help 
to bind the halves of 
the eccentric toge- 
ther. The eccentric 
strap is half an inch 
thick, and l;j- inch 
broad, and the flanges 
of the eccentric, 
within which the 
strap works, are each 
thriMi-eighths of an 
inch thick. 'I he ec- 
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centric rod is attached to the eccentric hoop by 
means of two holts passing through lugs upon the 
rod, and tapped into a square boss upon the hoop ; and 
pieces of iron, of a greater or less thickness, are 
interposed between the surfaces in setting the valve, 
to make the eccentric rod of the right length. The 
(jcccntric rod is kept in gear by the push of a small 
horizontal rod, attached to a vertical blade spring, 
and it is thrown out of gear .by means of the ordinary 
disengaging apparatus, which acts in opposition to 
the spring, as, in cases wliere the eccentric rod is 
not vertical, it acts in opposition to the gravity of the 
rod. 

630. Q , — Will you explain in detail the construc- 
tion of the valve gearing, or such parts of it as are 
peculiar to the oscillating engine ? 

A , — The eccentric rod is attached by a pin, 1 inch 
in diameter, to an open curved link or sector with a 
tail projecting upwards and passing through an eye 
to guide the link in a vertical motion. This sector, to- 
gether with the valve lever, shaft, and finger for moving 
the valve, are rejiresented in 55. The link is 
formed of iron case hardened, and is inches deep at 
the middle, and 2J inclu.-s deep at the ends, and 1 inch 
broad. Tlio opening in the link, which extends 
nearly its entire length, is inch broad ; and into 
this opening a brass block 2 inches long is truly fitted, 
there being a hole through the block -|- inch diameter, 
for the reception of the pin of the valve shaft lever. 
The valve shaft is 1 J inch diameter at the end next 
the link or segment, and diminishes regularly to the 
other end, but its cross section assumes the form of 
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fin octagon in its passage round the cylinder, measur- 
ing mid-way 1 J inch deep, by about f inch thick, and 
the greatest depth of the finger for moving the valve 
is about 1 inch. The depth of the lever for moving 
the valve shaft is 2 inches at the broad, and inch 


Fig. 55. 
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at the narrow end. The internal breadth of the 
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mortice in wliich the valve finger moves is tV inch, 
and its external depth is If inch, which leaves three- 
eighths of an inch as the thickness of metal round the 
hole ; and the breadth, measuring in the direction of 
the hole, is IJ- inch. The valve rod is three-fourths 
of an inch in diameter, and the mortice is connected 
to the valve rod by a socket. 1 inch long, and 1^ inch 
diameter, through which a small cutter passes. A 
continuation of the rod, eleven-sixteenths of an inch 
diameter, passes upward from the mortice, and works 
through an eye, which serves the purpose of a guide. 
In addition to the guide afforded to the segment by the 
ascending tail, it is guided at the ends upon the 
columns of the framing by means of thin semi-circular 
brasses, 4 inches deep, passing round the columns, and 
attached to the segment by two f inch bolts at each 
end, passing through projecting feathers upon the 
brasses and segment, three-eighths of an inch in 
tliickness. The curvature of the segment is such as 
to correspond with tlie arc swept from the centre of the 
trunnion to the centre of the valve lever pin when 
the valve is at half stroke as a radius ; and the oper- 
ation of the segment is to prevent the valve from 
being affected by the oscillation of the cylinder, but 
the same action would be obtained by the employment 
of a smaller eccentric with more lead. In some engines 
the segment is not formed in a single piece, but of 
two curved blades, with blocks interposed at the 
ends, which may be filed down a little, to enable the 
sides of the slot to be brought nearer, as the metal 
wears away. 
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63 J. Q. — What kind of plummer blocks are used 
for the paddle shaft bearings ? 

— The paddle shaft plummer blocks are alto- 
getlier of brass, and are formed in much the same 
manner as the cap of the piston rod, only that the sole 
is flat, as in ordinary plummer blocks, and is fitted 
between projecting lugs of the framing, to prevent 
side motion. In the bearings fitted on this plan, 
however, the upper brass will generally acquire a 
good deal of play after some amount of wear. The 
Imlts are worked slack in the holes, though accurately 
fitted at first ; and it appears expedient, therefore 
either to make the bolts very large, and the sockets 
through which they pass very deep, or to let one brass 
fit into the other. 

632. Q. — How are the trunnion plummer blocks 
made ? 

— The trunnion plummer blocks are formed in 
tlie same manner as the crank shaft plummer blocks ; 
the nuts are k(*j)t from turning back by means of a 
lunching screw passing through a stationary washer. 
It is not expedient to cast the trunnion plummer 
blocks upon the lower frame, as is sometimes done ; 
for the cylinders, being pressed from the steam trun- 
nions by the steam, and drawn in the direction of the 
condenser by the vacuum, have a continual tendency 
to approach one another ; and as they wear slightly 
towards midships there would be no power of re-ad- 
justment unless the plummer blocks were movable. 
The fianges of the trunnions should always fit tight 
against tlie plummer block sides, but there should be 
a little play sideways at the necks of the trunnions, 
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so that the cylinder may be enabled to expand when 
heated, without throwing an undue strain upon the 
trunnion supports. 

633. Q. — What kind of paddle wheel is supplied 
with these oscillating engines ? 

A, — The wheels are of the feathering kind, 9 feet 
8 inches in diameter, measuring to the edges of the 
floats ; and there are 10 floats upon each wheel, 
measuring 4 feet 6 inches long each, and 18^ indies 
broad. There are two sets of arms to the wheel, 
wliich converge to a cast iron centre, formed like a 
short pipe with large flanges, to wliieh the arms are 
affixed. The diameter of the shaft, where the centre 
is put on, is 4^ inches, the external diameter of the 
pipe is 8 inches, and the diameter of the flanges is 20 
inches, and their thickness .1^ inch. The flanges 
are 12 inches asunder at the outer edge, and they 
partake of the converging direction of the arms. The 
arms are 2}^ inches broad, and half an inch thick ; the 
heads are made conicnl, and each is secured into a 
recess upon the side of tlie flange by means of three 
bolts. The ring which connects together the arms, 
runs round at a distance of 3 feet 6 inches from the 
centre, and the projecting ends of the arms are bent 
backward the huigth of the lever which moves the 
floats, and are made very wide and strong at the 
point whore they cross the ring, to which they are 
attached by four rivets. The feathering action of the 
floats is accomplished by means of a pin fixed to the 
interior of the paddle box, set 3 inches in advance of 
the centre of the shaft, and in tlie same horizontal 
line* This pin is encircled by a cast iron collar, to 
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wliieli rods are attaclied inch diameter in the centre, 
proceeding to the levers, 7 inches long, fixed on the 
back of tlie floats in the line of the outer arms. One 
of these rods, however, is formed of nearly the same 
dimeiifc'ions as one of the arms of tlie wheel, and is 
called the driving arm, as it causes the cast iron collar 
to turn round with the revolution of the wheel, and 
this collar, V)y means of its attachments to the floatSi 
accomplishes the feathering action. The eccentricity 
in this wlieel is not sulficient to keep the floats in the 
vertical position, but in the position between the 
vertical and the radial. The diameter of the pins 
upon which the floats turn is If inch, and between 
the pins and the paddle ring two stud rods are set 
between each of the projecting ends of the arms, so as 
to prevent the two sets of arms from being forced 
nearer or further apart ; and thus prevent the ends of 
tiie arms i'rom hindering the action of the floats, by 
being accidentally jammed upon the sides of the 
joints. Stays, crossing one another, proceed from the 
inner flange of the centre to the outer ring of the 
wheel, and from the outer flange of the centre to the 
inner ring of the wheid, with the view of obtaining 
greater stiffness. The floats are formed of plate iron, 
and the whole of the joints and joint pins are steeled, 
or formed of steel. For sea going vessels the most 
approved practice is to make the joint pins of brass, 
and to bush the eyes of the joints with ligrium vitcB ; 
and the surface should be large to diminish wear. 

634. Q , — Can you give the dimensions of any 
other oscillating engines ? 

A . — In Messrs. Penn’s 50 horse power oscillating 
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engine, the diameter of the cylinder is 3 feet 4 inches, 
and the length of the stroke 3 feet. The thickness of 
the metal of the cylinder is 1 inch, and the thickness 
of the cylinder bottom is 1| inch, crossed with 
feathers, to give it additional stiffness. The diameter 
of the trunnion bearings is 1 foot 2 inches, and the 
breadth of the trunnion bearings inches. Messrs. 
Penn, in their larger engines, generally make the 
area of the steam trunnion less than that of the educ- 
tion trunnion, in the proportion of 32 to 37 ; and the 
diameter of the eduction trunnion is regulated by the 
internal diameter of the eduction pipe, which is about 
J^th of the diameter of the cylinder. But a somewhat 
larger proportion than this appears to be expedient : 
Messrs. Rennie make the area of their eduction pipes, 
in oscillating engines, T^V^d of the area of the cy- 
linder. In the oscillating engines of the Oberon, by 
Messrs. Rennie, the cylinder is 61 inches diameter, 
and 1-^ inch thick above and below the belt, but in 
the wake of the belt it is 1^ inch thick, which is also 
the thickness of metal of the belt itself. Tlie internal 
depth of the belt is 2 feet 6 inches, and its internal 
breadth is 4 inches. The piston rod is inches in 
diameter, and tlie total depth of the cylinder stuffing 
box is 2 feet 4 inches, of which 18 inches consists of 
a brass bush — this depth of bearing being employed 
to prevent the stuffing box or cylinder from wearing 
oval. 

635. Q. — Can you give any other examples ? 

A» — The diameter of cylinder of the oscillating 
engines of the steamers Pottinger, Ripon, and Indus, 
by Miller and Ravenhill, is 76 inches, and the length 
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of the stroke 7 feet. The thickness of the metal of 
the cylinder is l-}4 i^ich ; diameter of the piston rod 

inches ; total depth of cylinder stuffing box 3 feet ; 
depth of bush in stuffing box 4 inches ; the rest of the 
depth, with the exception of the space for packing, 
being occupied with a very deep gland, bushed with 
brass. The internal diameter of the steam pipe is 13 
inches ; diameter of steam trunnion journal 25 inches; 
diameter of eduction trunnion journal 25 inches ; 
thickness of metal of trunnions 2^ inches ; length of 
trunnion bearings 11 inches; projection of cylinder 
jacket, 8 inches ; depth of packing space in trunnions, 
10 inches ; width of packing space in trunnions, or 
space round the pipes, 1^ inch ; diameter of crank 
pin 10|^ inches ; length of bearing of crank pin I5}j 
inches. There are six boilers on the tubular plan in 
each of these vessels ; the length of each boiler is 10 
feet 6 inches, and the breadth 8 feet ; and each boiler 
contains 62 tubes 3 inches in diameter, and 6 feet 6 
inches long, and two furnaces 6 feet 4^ inches long, 
and 3 feet 1^- inch broad. 

636. Q. — Is it the invariable practice to make 
the piston rod cap of brass in the way you have 
described ? 

A. — In all oscillating engines of any considerable 
size, the cover of the connecting brass, which attaches 
the crank pin to the connecting rod, is formed of 
malleable iron ; and the socket also, which is cuttered 
to the end of the piston rod, is of malleable iron, and 
is formed with a T head, through which bolts pass up 
through the brass, to keep the cover of the brass in 
its place. 
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637. Q. — Is the piston of an oscillating engine 
made deeper than in common engines ? 

A, — It is expedient, in oscillating engines, to form 
the piston with a projecting rim round the edge above 
and below, and a corresponding recess in the cylinder 
cover and cylinder bottom, whereby the breadth of 
bearing of the solid part of the metal will be increased, 
and in many engines this is now done. 

638. Q. — Would any difficulty be experienced in 
keeping the trunnions tight in a high pressure oscil« 
lating engine ? 

A, — It is very doubtful whether the steam trun- 
nions of a high pressure oscillating engine will con- 
tinue long tight if the packing consists of hemp ; and 
it appears preferable to introduce a brass ring, to 
embrace the pipe, cut spirally, with an overlap piece 
to cover the cut, and packed behind with hemp. 

639. Q. — IIow is the packing of the trunnions 
usually effected ? 

A, — The packing of the trunnions, after being 
plaited as hard as possible, and cut to the length to 
form one turn round the pipe, is dipped into boiling 
tallow, and is then compressed in a mould, consisting 
of two concentric cylinders, with a gland forced down 
into the annular space by three to six screws in the 
case of large diameters, and one central screw in the 
case of small diameters. Unless the trunnion pack- 
ings be well compressed, they will be likely to leak 
air, and it is, therefore, necessary to pay particular 
attention to this condition. It is also very important 
that the trunnions be accurately fitted into their 
brasses by scraping, so that there may not be the 
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smallest amount of play left upon them ; for if any 
upward motion is permitted, it will be impossible to 
prevent the trunnion packings from leaking. 

DIRECT ACTING SCREW ENGINE. 

640. Q. — Will you describe the configuration and 
construction of a direct acting screw engine ? 

A , — I will take as an example of tliis species of 
engine, the engine constructed by Messrs. John 
Bourne and Co., for the screw steamer Alma, a vessel 
of 500 tons burden. This engine is a single steeple 
engine laid on its side, and in its general features it 
resembles the engines of the Ampliion already de- 
scribed, only that there is one cylinder instead of two. 
The cylinder is of 42 inches diameter and 42 inches 
stroke, and the vessel has been propelled by this 
single engine at the rate of fourteen miles an hour. 

641, Q. — Is not a single engine liable to stick upon 
the centre so that it cannot be started or reversed 
with facility ? 

A . — A single engine is no doubt more liable to 
stick upon tbe centre than two engines, tlie cranks of 
which are set at right angles with one another ; but 
numerous paddle vessels are plying successfully that 
are propelled by a single engine, and the screw offers 
still greater facility than paddles for such a mode of 
construction. In the screw engine referred to, as the 
cylinder is laid upon its side, there is no unbalanced 
weight to be lifted up every stroke, and the crank, 
whereby the screw shaft is turned round, consists of 
two discs with a heavy side intended to balance the 
F F 
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momentum of the piston and its connections ; but these 
counter-weights by their gravitation also prevent the 
connecting rod and crank from continuing in the 
same line when the engine is stopped, and in fact 
they place the crank in the most advantageous position 
for starting again when it has to be set on. 

642. Q. — ^Will you explain the general arrangement 
of the parts of this engine ? 

^.^The cylinder lies on its side near one side of 
the vessel, and from the end of the cylinder two piston 
rods extend to a cross head sliding athwartships, in 
guides, near the other side of the vessel. To this cross 
head the connecting rod is attached, and one end of it 
partakes of the motion of the cross head or piston, 
while the other end is free to follow the revolution of 
the crank on the screw shaft. 

643. Q. — What is the advantage of two discs 
entering into the composition of the crank instead 
of one ? 

A . — A double crank, such as two discs form with 
the crank pin, is a much steadier combination than 
would result if only one disc were employed with an 
over-hung pin. Then the friction on the neck of the 
shaft is made one half less by being divided between 
the two bearings, and the short prolongation of the 
shaft beyond the journal is convenient for the g-ttach- 
ment of the eccentrics to work the valves. 

644. Q. — Will you enumerate some of the principal 
dimensions of this engine ? 

— The bottom frame, on which also the condenser 
is cast, forms the base of the engine : on one end of 
it the cylinder is set ; on the other end are the guides 
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for the cross head, and in the middle are the bearings 
for the crank shaft. The part where the cylinder 
stands is two feet high above the engine platform, 
and the elevation to the centre of the guides or the 
centre of the shaft is 10 inches higher than this. The 
metal both of the side frames and bottom flange is 
1:^ inch thick. The cylinder has flanges cast on its 
sides, upon which it rests on the bottom frame, and 
it is sunk between the sides of the frame so as to 
bring the centre of the cylinder in the same plane as 
the centre of the screw shaft. The opening left at the 
guides for the reception of the guide blocks is 6 inches 
deep, and the breadth of the bearing surface is 11 
inches. The cover of the guides is 8 inches deep at 
the middle, and about half the depth at the ends, and 
holes are cored through the central web for two oil 
cups on each guide. The brass for each of the crank 
shaft bearings is cut into four pieces so that it may 
be tightened in the up and down direction by the 
bolts, which secure the plummer block cap, and 
tightened in the athwartship direction, which is the 
direction of the strain, by screwing up a wedge- 
formed plate against the side of the brass, a parallel 
plate being applied to the other side of the brass, 
which may be withdrawn to get ouf the wedge piece 
when the shaft requires to be lifted out of its place. 
The air pump is bolted to one side of the bottom 
frame, and a passage is cast on it conducting from the 
condenser to the air pump. In this passage the inlet 
and outlet valves at each end of the air pump are 
situated, and appropriate doors are formed above them 
to make them easily accessible. The outlet passage 
r I* 2 
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leading from the air pump communicates with the 
waste water pipe, through which the water expelled 
by the air pump is discharged overboard. 

645. Q. — Is the cylinder of the usual strength and 
configuration ? 

A . — The cylinder is formed of cast iron in the usual 
way, and is inch thick in the barrel. The ends 
are of the same thickness, but are each stiffened with 
six strong feathers. The piston is cast open. The 
bottom of it is |tlis of an inch thick, and it is stiffened 
by six feathers f of an inch thick ; but the feather 
connecting the piston rod eyes is 1| inch thick, and 
the metal round the eyes is 2 inches thick. The 
piston is closed by a disc or cover fths of an inch 
thick, secured by 15 bolts, and this cover answers 
also tlie purpose of a junk ring. The piston packing 
consists of a single cast iron ring 3j^ inches broad, and 
^ inch thick, packed behind with hemp. This ring 
is formed with a tongue piece,' with an indented plate 
behind the cut ; and the cut is oblique to prevent a 
ridge forming in the cylinder. The total thickness of 
the piston is 5^ inches. The piston rods are formed 
with conical ends for fitting into the piston, but are 
coned the reverse way as in locomotives, and are 
secured in the pisSton by nuts on the ends of the rods, 
these nuts being provided with ratchets to prevent 
them from unscrewing accidentally. 

646. Q. — What species of slide valve is employed ? 

A , — The ordinary three ported valve, and it is set 

on the top of the cylinder. The cylinder ports are 
4^ inches broad by 24 inches long ; and to relieve the 
valve from the great friction due to the pressure on 
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SO large a surface, a balance piston is placed over the 
back of tlie valve, to which it is connected by a strong 
link ; and the upward pressure on this piston being 
nearly the same as the downward pressure on the 
valve, it follows that the friction is extinguished, and 
the valve can be moved with great ease with one 
hand. The balance piston is 21 inches in diameter. 
In the original construction of this balance piston two 
faults were committed. The passage communicating 
between the condenser and the top of the balance 
piston was too small, and the pins at the ends of the 
link connecting the valve and balance piston were 
formed with an inadequate amount of hearing surface. 
It followed from this misproportion that the balance 
piston, being adjusted to take off* nearly the whole of 
the pressure, lifted the valve off the face at the begin- 
ning of each stroke. For the escape of the steam into 
the eduction passage momentarily impaired the vacuum 
subsisting there, and owing to the smallness of the 
passage leading to the space above the balance piston, 
the vacuum subsisting in that space could not be im- 
paired with equal rapidity. The balance piston, 
therefore, rose by the upward pressure upon it mo- 
mentarily predominating over the downward pressure 
on the valve ; but this fault was corrected by enlarg- 
ing the communicating passage between the top of the 
balance piston and the eduction pipe. The smallness 
of the pins at the ends of the link connecting the 
valve and balance piston, caused the surfaces to cut 
into one another, and to wear very rapidly^ and the 
pins and eyes in this situation should be large in 
diameter, and as long as they can be got, as they are 
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not 80 easily lubricated as the other bearings about 
the engine, and are moreover kept at a high tempera- 
ture by the steam. The balance piston is packed in 
the same way as the main piston of the engine. Its 
cylinder, which is only a few inches in length, is set 
on the top of the valve casing, and a trunk projects 
upwards from its centre to enable the connecting link 
to rise up in it to attain the necessary length. 

647. Q. — What is the diameter of 
the piston rods and connecting rod ? 

A , — The piston rods, which are two 
in number, are 3 inches diameter, and 
12 feet 10 inches long over all. They 
were, however, found to be rather 
small, and have since been made half 
an inch thicker. The connecting rod 
consists of two rods, which are pro 
longations of the bolts that connect 
the sides of the brass bushes which 
encircle the crank pin and cross head. 
Tlie connecting rod is shown in per- 
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spective in 56. The rods compos • 
ing it are each inches in diameter. 

648. Q, — Will you describe the con 
figuration of the cross head ? 

A , — The cross head, exhibited in 
57., is a round piece of iron like a 
short shaft, with two unequal arms 
keyed upon it, the longer of which b 
works the air pump, and the shorter c 
works the feed pump. The piston 
rods enter these arms at a a. The 
cross head is 8 inches diameter 
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where it is embraced by the connecting rod at 
e, and 7 inches diameter where the air pump and 
feed pump arms are fixed on. The ends of the 
cross head dd^ for a length of 12 inches, are re- 
duced to 3 inches diameter where they fit into round 
holes in the centre of the guide blocks. Those 

Fig. 57. 
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blocks are of cast iron 6 inches deep, 1 1 inches wide, 
and 14* inches long, and they are formed with flanges 

1 inch thick on the inner sides of the blocks. The 
projection of the air pump lever from the centre of 
the cross head is 1 foot 9 inches, and it is bent 
inches to one side to enable it to engage the air pump 
rod. The eye of this arm is 6 inches broad and about 

2 inches thick. At the part where one of the piston 
rods passes through it, the arm is 8 inches deep and 
6 inches wide ; but the width thereafter narrows to 

3 inches, and finally to 2 inches ; and the depth of the 
web of the arm reduces from 8 inches at the piston 
rod, to 4 inches at the eye, which receives the end 
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of the air pump rod. The feed pump arm is only 3 
inches thick, and has 9 inches of projection from the 
centre of the cross head ; but the eye attached to it 
on the opposite side of the cross head for the recep- 
tion of the other piston rod is of the same length as 
that part of the air pump arm which one of the piston 
rods passes through. The piston rods have strong 
nuts on each side of each of these arms to attach them 
to the arms, and also to enable the length of the piston 
rods to be suitably adjusted, to leave equal clearance 
between the piston and each end of the cylinder at the 
termination of the stroke. 

649. Q. — Will you recapitulate the main particulars 
of the air pump ? 

A. — The air pump is made of brass 12^ inches 
diameter and 42 inches stroke, and the metal of the 
barrel is -^ffths of an inch thick. The air pump 
bucket is a solid piston of brass, 6|- inches deep at the 
edge, and 7 inches deep at the eye ; and in the edge 
three grooves arc turned to hold water which answers 
the purpose of packing. The inlet and outlet valves 
of the air pump consist of brass plates ^ inch witli 
strong feathers across them, and in each plate there 
are six grated perforations covered by india rubber 
discs 7 inches in diameter. These six perforations 
afford collectively an area for the passage of the water 
equal to the area of the pump. The air pump rod is 
of brass, 2^ inches diameter. 

650. Q. — What arc the constructive peculiarities 
of the discs and crank pin ? 

A, — The discs, which are 64 inches diameter, are 
formed of cast iron, and are 2^ inches thick in the 
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body, and 5 inches broad at the rim. The crank 
shaft is 8^- inches diameter, and the central boss of 
the disc which receives the shaft measures 10 inches 
through the eye, and the metal of the eye is 3 inches 
thick. In the part of the disc opposite to the crank 
pin, the web is thickened to 10 inches for nearly the 
whole semicircle, with the view of making that side 
of the disc heavier than the other side ; and when the 
engine is stopped, the gravitation of this heavy side 
raises the crank pin to the highest point it can attain, 
whereby it is placed in mid stroke, and cannot rest 
with the piston rods and connecting rod in a hori- 
zontal line. The crank pin is 8^ inches diameter, 
and the length of the bearing or rubbing part of it is 
16 inches. It is secured at the ends to tlie discs by 
flanges 18 inches diameter, and 2 inches thick. Theee 
flanges are indented into thickened parts of the discs, 
and are each attached to its corresponding disc by six 
bolts 2 inches diameter, countersunk in the back of 
the disc, and tapped into the malleable iron flange. 
Besides tliis attachment, each end of the pin, reduced 
to 4^ inches diameter, passes through a hole in its 
corresponding disc, and the ends of the pin are then 
riveted over. The crank pin is perforated tlirougli 
the centre by a small hole about ^ of an incli in 
diameter, and three perforations proceed from this 
central hole to the surface of the pin. Each crank 
shaft bearing is similarly perforated, and pipes are 
cast in the discs connecting these perforations toge- 
ther. The result of this arrangement is, that a large 
part of the oil or water fed into the bearings of the 
shaft is driven by the centrifugal action of the discs 
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to tlie surface of the crank pin, and in this way the 
crank pin may be oiled or cooled with water in a very 
effectual manner. To intercept the water or oil which 
the discs thus drive out by their centrifugal action, 
a light paddle box or splash board of thin sheet brass 

Fifr. 5fl. 
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is made to cover the upper part of each of the discs, 
and an oil cup with depending wick is supported by 
the tops of these paddle boxes, which wick is touched 
at each revolution of the crank by a bridge standing 
in the middle of an oil cup attached to the crank pin. 
The oil is wiped from the wick by the projecting 
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bridge at each revolution, and subsides into the cup 
from whence it proceeds to lubricate the crank pin 
bearing. This is the expedient commonly employed 
to oil the crank pins of direct acting engines ; but in 
the engine now described, there is over and above 
this expedient, the communicating passages from the 
shaft bearings to the surface of the pin, by which means 
any amount of cooling or lubrication can be adminis- 
t(;red to the crank pin bearing, without the necessity 
of stopping or slowing the engine. 

651. Q. — ^What is the diameter of the screw shaft ? 

A . — The screw shaft is 7^ inches diameter, but the 

bearings on each side of the disc are inches dia- 
meter, and 16 inches long. Between the side of the 
disc and the side of the contiguous bearing there is a 
short neck extending 4| inches in the length of the 
shaft, and hollowed out somewhat to permit the pas- 
sage of the piston rod ; for one piston rod passes 
immediately above the shaft on the one side of the 
discs, and the other piston rod passes immediately 
below the shaft on the other side of the discs. A 
short piece of one piston rod is shown in Jig, 58. 

652. Q. — How is the thrust of the screw shaft 
received ? 

A , — The thrust of the screw shaft is received upon 
7 collars, each 1 inch thick, and with 1 inch of pro- 
jection above the shaft. The plummer block for re- 
ceiving the thrust of the shaft is shown in 59., 
and the coupling to enable the screw propeller to be 
disconnected from the engine, so that it may revolve 
freely when the vessel is under sail, is shown in Jig, 
60, When it is required to disengage the propeller 
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from the engine, the pins passing through the opposite 
eyes shown in Jig, 60., are withdrawn by means of 


Fi/r. 59. Fig, 60. 
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screws provided for that purpose, and the propeller 
and the engine are thenceforth independent of one 
another. 

653. Q. — Will you describe the arrangement of 
the valve gearing ? 

A, — The end of the screw shall, after emerging 
from the bearing beside the disc, is reduced to a dia- 
meter of 4 inches, and is prolonged for 4^J- inches to 
give attachment to the cam or curved plate which 
gives motion to the expansion valve. This plate is 
inches thick, and a stud 3 J inches diameter is fixed 
in the plate at a distance of 5 inches from the centre 
of the shaft. To this stud an arm is attached which 
extends to a distance of 2 inches from the centre of 
the shaft in the opposite direction, and the end of this 
arm carries a pin of inches diameter. From the 
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pin most remote from the centre of the shaft, a rod 
inches broad and 1 inch thick extends to the upper 
end of the link of tlie link motion ; and from the pin 
least remote from the centre of the 
shaft, a similar rod extends to the 
lower end of the link of the link 
motion. This link, which is repre- 
sented in Jig. 61., is 2;]^ inches broad, 
1 inch thick, and is capable of being 
raised or lowered 25 inches in all. 
In the open part of the link is a 
brass block, which, by raising or 
lowering the link, takes either the 
position in which it is represented 
at the centre of the link, or a posi- 
tion at either end of it. Through 
Link Motion. the hole in the brass block a pin 
Messrs. Bourne and Co. pjjgggg to attach the brass to the end 
of a lever fixed on the valve shaft ; so that whatever 
motion is imparted to the brass block is communicated 
to the valve through the medium of this lever. If 
the brass block be set in the middle of the link, no 
motion is communicated to it, and the valve being 
consequently kept stationary and covering both ports, 
the engine stops. If the link be lowered until the 
brass block comes to the upper end of the link, the 
valve receives the motion of the eccentric for going 
ahead, and the engine moves ahead ; whereas if the 
link be raised until the brass block comes to the lower 
end of the link, the valve receives the motion of the 
backing eccentric, and the engine moves astern. In^ 
stead of eccentrics, however* pins at the end of the 
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shaft are employed in this engine, the arrangement 
partaking of the nature of a double crank ; but the 
backing pin has less throw than the going ahead pin, 
whereby the efficient length of the link for going 
ahead is increased ; and the operation of backing, 
which does not require to be performed at the highest 
rate of speed, is sufficiently accommodated by about 
half the throw being given to the valve that is given 
in going ahead. A valve shaft extends across the 
end of the cylinder with two levers standing up, which 
engage horizontal side rods extending from a small 
cross head on the end of the valve rod. A lover ex- 
tends downwards from the end of the valve shaft, 
which is connected by a pin to the brass block within 
the link ; and the link is moved up or down by the 
starting handle, which, by means of a spring bolt 
shooting into a quadrant, holds the starting handle at 
any position in which it may be set. 

654. Q. — What is the diameter and pitch of the 
screw propeller? 

A, — The diameter is 7 feet and the pitch 14 feet. 
The propeller is Holm’s conchoidal propeller. Its 
diameter is smaller than is advisable, being limited 
by the draught of water of the vessel ; and the vessel 
was required to have a small draught of water to go 
over a bar. This engine makes, under favourable 
circumstances, 100 strokes per minute. The speed of 
piston with this number of strokes is 700 feet per 
minute, and the engine works steadily at this speed, 
the shock and tremor arising from the arrested mo- 
mentum of the moving parts being taken away by the 
counterbalance applied at the discs. 
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LOCOMOTIVE ENGINE. 

655. Q. — Will you describe the principal features 
of a modern locomotive engine ? 

A. — I will take for this purpose the locomotive 
Snake, constructed by John V. Gooch for the London 
and South Western Railway, as an example of a 
modern locomotive of good construction, adapted for 
the narrow gauge. The length of the wheel base 
of this engine is 12 feet 8|- inches. There are two 
cylinders, each 14 J inches diameter and 21 inches 
stroke. The total weight of the engine is 19 tons ; 
and this weight is so distributed on the wheels as to 
throw 8 tons on the leading wheels, 6 tons on the 
driving wheels, and 5 tons on the hind wheels. The 
engine is made with outside cylinders, and the cylin. 
ders are raised somewhat out of the horizontal line to 
enable them better to clear the leading wheels. 

656. Q. — What are the dimensions of the boiler? 

A, — Tiie interior of the fire box is 3 feet 7^ inches 

wide by 3 feet 5^ inches long,, measuring in the direc- 
tion of the rails. The area of the fire grate is conse- 
quently 12*4 square feet. The bars are somewhat 
lower on the side next the fire door than at the side 
next the tubes, and the mean height of the crown of 
the fire box above the bars is 3 feet 10 inches. The 
top edge of the fire door is about 7 inches lower than 
the crown of the fire box. The fire box is divided 
transversely by a corrugated feather or bridge of plate 
iron, containing water, about 3J inches wide, and of 
about one-third of the height of the fire box in the 
centre of the feather, and about two-thirds the height 
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of the fire box at the sides where it joins the sides of 
the fire box. The internal shell of the fire box tapers 
somewhat upwards to facilitate the disengagement of 
the steam. It is about 2 inches narrower and shorter 
at the top than at the bottom ; the water space between 
the external and internal shell of the fire box being 2 
inches at the bottom and 3 inches at the top. 

657. Q. — Of what material is the fire box com- 
posed ? 

A, — The external shell of the fire box is formed of 
iron plates |ths of an inch thick, and the internal 
shell is iormed of copper plates ^ thick, but the 
tube plate is inch thick. The fire grate is rectan- 
gular, and the internal and external shells are tied 
together by iron stay bolts § inch diameter, and 
pitched about 4 inches apart. The roof of the fire 
box is stiffened by six strong bars extending from 
side to side of the fire box like beams, and the top of 
the fire box is secured to these bars, so that it cannot 
be forced down without breaking or bending them. 

658, Q. — What are the dimensions of the barrel 
of the boiler ? 

A , — The barrel of the boiler is 3 feet 7J- inches in 
diameter, and 10 feet long. It is formed of iron plates 
■gths of an inch thick, riveted together. It is furnished 
with 181 brass tubes 1|- inch diameter and 10 feet 
long, secured at the ends by ferules. The tube plate 
at the smoke box end is fths of an inch thick, and the 
tube plates above the tubes are tied together by eight 
iron rods f tbs of an inch thick, extending from end to 
end of the boiler. The metal of the tubes is somewhat 
thicker at the end next the fire, being 13 wire gauge 
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at fire box end, and 14 wire gauge at smoke box end. 
The rivets of the boiler are J inch diameter and 1^ 
inch pitch. The plating of the ash pan is -^ths of 
an inch thick, and the plating of the smoke box is 
^^ths of an inch thick. 

659. Q. — Will you describe the structure of the 
framew’-ork on which the boiler and its attachments 
rest, and in which the wheels are set ? 

A. — The framework or framing consists of a rect- 
angular structure of plate iron circumscribing the 
boiler, witli projecting lugs or arms for the reception 
of the axles of the wheels. In this engine the sides 
of the rectangle are double, or, as far as regards the 
sides, there are virtually two framings, one for the 
reception of the driving axles, and the other for the 
reception of the axles not connected with the engine. 
The whole of the parts of the outer and inner framings 
.'ire connected together by knees at the corners, and 
the double sides are elsewhere connected by interven- 
ing brackets and stays, so as to constitute the whole 
into one rigid structure. The whole of the plating of 
the inside frame is ^ inches thick and 9 inches deep. 
The plating of the outside frame is of the same thick- 
ness and depth at the fore part, until it reaches abaft 
the position of the cylinders and guides, where it 
reduces to ^ inch thick. The axle guard of the lead- 
ing wheels is formed of f plate bolted to the frame 
with angle iron guides. The axle guards of the trail- 
ing wheels are formed of two ^ inch plates, with cast 
iron blocks between them to serve as guides. The 
ends of the rectangular frame are formed of plates ^ 
thick, and at the front end there is a buffer beam ol 
o G 
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oak 4|- inches thick and 15 inches deep. The draw 
bolt is 2 inches diameter. There are two strong stays 
on each side, joining the barrel of the boiler to the in- 
side framing, and one angle iron on each side joining 
the bottom of the smoke box to the inside framing. 

660. Q. — Of what construction are the wheels ? 

A , — The wheels and axles are of wrought iron, 

and the tires of the wheels are of steel. The driving 
wheels are 6 feet 6^ inches in diameter, and the dia- 
meter of crank pin is inches. The diameter of the 
smaller wheels is 48^ inches. The axle boxes are of 
cast iron with bushes of Fenton’s metal, and the lead- 
ing axle has four bearings. The springs are formed 
of steel plates, 3 feet long, 4 inches broad, and ^ inch 
thick. The axle of the driving wheel has two eccen- 
trics, forged solid upon it, for working the pumps. 

661. Q . — Will you specify the dimensions of the 
principal parts of the engine ? 

A. — Each of the cylinders, which is 14^: liich'^sp 
diameter, has the valve casing cast upon it. The 
steam ports are 13 inches long and 1| inches broad, 
and the exhaust port is 2-^ inches broad. The travel 
of the valve is 4| inches, the lap 1 inch, and the lead 
^ inch. The piston is 4 inches thick: its body is 
formed of brass with a cover of cast iron, and between 
the body and the cover two flanges, forged on the 
piston rod, are introduced to communicate the push 
and pull of the piston to the rod. The piston rod is 
of iron, 2^ inches diameter. The guide bars for 
guiding the top of the piston rod are of steel, 4 inches 
broad, fixed to rib iron bearers, with hard wood ^ of 
an inch thick, interposed. The connecting rod is 6 
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feet long between the centres, and is fitted with bushes 
of white metal. The eccentrics are formed of wrought 
iron, and have 4| inches of throw. The link of the 
link motion is formed of wrought iron. It is 'hung 
by a link from a pin attached to the framing ; and in- 
stead of being susceptible of upward and downward 
motion, as in the case of the link represented in fig, 
61., a rod connecting the valve rod with the movable 
block in the link, is susceptible of this motion, whereby 
the same result is arrived at as if the link were moved 
and the block was stationary. One or the other ex- 
pedient is preferable, according to the general nature 
of the arrangements adopted. The slide valve is of 
brass, and the regulator consists of two brass slide 
valves worked over ports in a chest in the steam pipe, 
set in tlie smoke box. The steam pipe is of brass, 
No. 14. wire gauge, perforated within the boiler barrel 
with holes diameter along its upper 

side. The blast pipe, which is of copper, has an ori- 
fice of 4-^ inches diameter. There is a damper, formed 
like a Venetian blind, with the plates running athwart, 
ships at the end of the tubes. 

662. Q Of what construction is the safety valve ? 

A. — There are two safety valves, consisting of' 

pistons 1-,^ inch in diameter, and which are kept 
down by spiral springs placed immediately over them. 
A section of this valve is given in fig. 62. 

663. Q.— What are the dimensions of the feed 
pumps ? 

A. — The feed pumps are cf brass, with plungers 4 
inches diameter and inches stroke. The feed pipe 
is of copper, 2 inches diameter. A good deal of 
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trouble has been experienced in locomotives from the 
defective action of the feed pump, partly caused by 
the leakage of steam into the pumps, which prevented 
the water from entering them, and partly from the 
return of a large part of the water through the valves 
at the return stroke of the pump, in consequence of 
the valve lifting too high. The pet cock — a small 
cock communicating with the interior of the pump — 
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will allow any steam to escape which gains admission, 
and the air which enters by the cock cools down the 
barrel of the pump, so that in a short time it will be 
in a condition to draw. The most ordinary species of 
valve in the feed pumps of locomotives, is the ball 
valve represented in jig* 63., in which the lift is much 
less than was at one time usual. Fig* 63, is a section 
of a feed pump, showing the ball valves and plunger 
Notwithstanding the excellent performance of the 
best examples of locomotive engines, it is quite 
certain that there is still much room for improvement ; 
and indeed various sources of economy are at present 
visible, which, if properly developed, would materially 
reduce the expense of the locomotive power. In all 
engines the great source of expense is the fuel ; and 
although the consumption of fuel has been greatly 
reduced within the last ten or fifteen years, it is 
capable of being still further reduced by certain easy 
expedients of improvement, which therefore it is im- 
portant should be universally applied. One of these 
expedients consists in heating the feed water by the 
waste steam ; and the feed water should in every 
case be sent into the boiler boiling hot, instead of 
being quite cold, as is at present generally the case. 
The ports of the cylinders should be as large as 
possible ; the expansion of the steam should be 
carried to a greater extent ; and in the case of engines 
with outside cylinders, the waste steam should circu- 
late entirely round the cylinders before escaping by 
the blast pipe. The escape of heat from the boiler 
should be more carefully prevented ; and the engine 
should be balanced by weights on the wheels, to 
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obviate a waste of power by yawing on the rails. 
The most important expedient of all, however, lies in 
the establishment of a system of registering the per- 
formance of all new engines, in order that competition 
may stimulate the different constructors to the attain- 
ment of the utmost possible economy ; and under the 
stimulus of comparison and notoriety, a large measure 
of improvement would speedily ensue. The benefits 
consequent on public competition are abundantly 
illustrated by the rapid diminution of the consump- 
tion of fuel in the case of agricultural engines, when 
this stimulus was presented. The particulars of the 
performance of these engines are detailed in the fol- 
lowing chapter. 
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ON VARIOUS FORMS AND APPUICATIONS OF 
THE STEAM ENGINE, 


PORTABLE AGRICULTURAL ENGINES, 

664. Q. — Having now described the more important 
forms of the steam engine as employed in pumping 
water and accomplishing locomotion, will you proceed 
to describe some of its most approved forms as applied 
to miscellaneous uses in the arts ? 

A. — The purposes for which the steam engine is 
employed in the arts are of infinite variety. It has 
long been employed to give motion to the macliinery 
of cotton, flax, woollen, and corn mills, and to supply 
the moving power for manufactories of every kind. 
Quite recently, however, it has found a new applica- 
tion in aiding the operations of agriculture, and a 
new class of engines has been called into existence to 
meet this demand. Many of these engines are of 
great elegance and efficiency. They are as a general 
rule simple in construction, very compact, and so 
contrived as not to bo liable to derangement, even in 
the hands of unskilful persons. These agricultural 
engines arc divisible into two main classes, — portable 
engines set on wheels, somewhat in the manner of a 
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locomotive, and which may be drawn by horses from 
place to place ; and fixed engines, which are set up 
where there is constant work to do. Many of the 
fixed engines are excellent examples of the kind of 
engine suitable for driving manufactories, and a de- 
scription of these engines, therefore, will be under- 
stood as constituting a description of the kind of 
engines suitable for manufactories and mills. 

665. Q. — Will you describe the main features of 
the portable engine ? 

A, — The portable agricultural engines of the prin- 
cipal makers of that species of engine, are in all their 
main features similar to one another. They all con- 
sist of a boiler with an internal fire box, and hori- 
zontal tubes resembling very much a locomotive 
boiler, and on the top of the boiler a cylinder is fixed 
with the connecting rod attached to the end of the 
piston rod, as in a locomotive, and the connecting rod 
turns the crank of a shaft extending across the top of 
the boiler, on which shaft pulleys are placed to com- 
municate tlie motion of the engine by means of belts 
to any mechanism which requires to be driven. In 
the subordinate features of each engine, however, 
there are differences which render any one engine 
more or less eligible than the rest. Fig. 64. repre- 
sents the portable agricultural engine of Messrs. Ran- 
somes and Sims. 

666. Q. — What are the distinctive features of this 
engine ? 

A . — The engine proper is mounted upon the top 
of the boiler, and is in all its parts of the simplest 
character, the various details having been matured 
by the fruits of a long experience under all kinds of 
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tied to the crank shaft brackets by connecting tie 
bolts, and which take the strain off the bolts con- 
necting the bracket with the boiler ; the fore-axle is 
connected to the boiler by means of a hemispherical 
locking-gear, which allows of the boiler always rest- 
ing upon three points. 

For a portable engine the size of the boiler is 
limited by the condition that the engine must be 
easily movable from place to place, and Messrs. Ran- 
somes* engines give off, with a pressure of 60 lbs. per 
square inch in the boiler, about double their nominal 
power, as measured by the dynamometer. This is 
accomplished by working the piston at a quick speed, 
whereby large power is reconciled with moderate 
dimensions and small weight. These portable en- 
gines are manufactured upon a uniform system, from 
3-horse power to 20-horse power, nominal powers, and 
have long been honourably distinguished for the faith- 
fulness of their construction, and the intelligence 
which has presided over all the arrangements. 

Messrs. Ransomes and Sims’ fixed engine is repre- 
sented at page 477. Their 8-horse power fixed engine 
has, on several occasions, taken the first prize of the 
Royal Agricultural Society of England. It was 
supplied with steam from a portable boiler belonging 
to the Society ; and as this boiler was not the most 
economical, the result, in the consumption of fuel, 
which was 6 lbs. per horse power per hour, can only 
be taken as compared with engines tried with the 
same boiler and under the same circumstances. 

667. Q . — Will you describe the portable agricul- 
tural engines of Messrs. Clayton and Shuttleworth ? 
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Shuttleworth state, that the clumsy and 
dangerous boilers put into the hands of 
farmers up to 1845, at that time attracted 
their attention from the number of acci- 
dents arising in consequence of such de- 
fects; and the machinery was altogether 
so precarious, that it was unsafe for any 
but an experienced man to be trusted 
with its custody, thus rendering it as 
much an incumbrance as a benefit to 
the farmer. In 1849 they entered into 

Ftg. GO. 
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competition with other makers at the Norwich show 
of the Royal Agricultural Society, and obtained the 
second prize of 25/., since which time the number of 
prizes they have taken, and the quantity of engines 
they have sold and delivered, attest the high opinion 
in which their engines are held both by the judges 
of the Royal Agricultural Society and the general 
public. These makers state, that up to 1864 they 
have manufactured nearly seven thousand steam en- 
gines, of which they manufactured 664, of 5520 col- 
lective horses power, in 1864. 

The following tabular statement of the duty done 
at various epochs, shows that there has been a gradual 
increase in the efficiency of these engines, owing to 
improvements from time to time introduced. Since 
1855 the consumption has been still further reduced, 
and some portable engines have worked with as little 
as 3^ lbs, of coal per actual horse power. 


Duty of Clayton, Shuttleworth, and Co’s Engines, at the Experiments 
tried before the Judges of the Boyal Agricultural Society of England. 


Years. 

Horseit* Tower. 

Time gettinfr 
up steam to 
45 lbs. per 
inch. 

Coal used In getting 
up hteiini to 46 lbs. 
per inch. 

Coal burnt per Horse 
Power per Hour, 
while doing tlie work 
of One Actual Horse 
Power. 


H. P. En- 
gine, 

Minutes. 

Lb*. 

Lbs. 

1849 

5 

44 

82’25 

11-8 


7 1 

45 

.37-76 

10-78 


9 

37 

41-25 

11 T6 

1850 

7 

43 

30-5 

7-77 

1851 

6 

S2 

35-4 

R-f»3 

1852 

6 

32| 

22-75 

6-0 


4 

41 i 

29-6 

8-40 

1853 

4 

47 

17-75 

4-32 

1854 

6 

39 1 


5-19 

1855 

8 

34 1 


4-05 
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In one of these figures the cylinder is 
represented as being set at the fire box 
end of the boiler, but in the more recent 
examples of their engines it is set in 
the smoke box at the foot of the chim- 
ney. The cylinder is surrounded by a 
steam jacket, which is kept at the tem- 
perature of 400® by the escaping smoke. 

668. Q. — Will you describe Messrs. 
Crosskiirs portable engine ? 

A, — This engine, whi( h is set on 
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four wooden wheels, is represented in fig, 67. A re- 
gulator, with a handle resembling those used in loco- 
motives, lets the steam into the cylinder, which lies 
on the top of the fire box. The crank shaft lies across 
tlic barrel of the boiler at the chimney end, and the 
general arrangements of the engine, which will be 
obvious from the figure, nearly resemble those of some 
of the engines already described. 

669. Q. — Will you describe the portable engine of 
Messrs. Garrett and Son ? 

A , — The portable engine of Messrs. Garrett and 
Son does not differ much from the best forms of the 
other makers. They however balance the momentum 
of the piston and its connections by casting a weight 
upon the fly-wheel ; and besides the ordinary safety 
valve and lever with a spring balance, fitted in other 
engines, they introduce a second safety valve imme- 
diately pressed down by a strong spiral spring. The 
valve casing is cast upon the cylinder, instead of 
being jointed thereto in the usual manner, and the feed 
pump is fitted with double delivery valves. Latterly, 
Messrs. Garrett and Son’s portable engines have been 
much employed for steam ploughing under an ar- 
rangement described in the Introduction, Messrs. 
Garrett and Son state that the bearings and other 
rubbing surfaces of their engines are made large to 
reduce the wear ; that they use wrought iron in pre- 
ference to cast, whenever it is possible to do so ; that 
the carriage of their engine is of wrought iron, and that 
a tank is attached to it, to obviate the necessity of 
carrying a tub about with the engine from place to 
place. The cylinder is provided with a steam jacket, 
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an arrangement which has been found advantageous 
in all cases, but more especially in those in which 
expansive action of the steam is employed. A repre> 
sentation of these engines is given in Jig* 68. ; and 
Messrs. Garrett and Son state, that besides an ex- 
tensive home trade, they export large numbers of en- 
gines to Australia, Hungary, India, and other places, 
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and that they were engaged by the government to 
construct road locomotives for the Crimea. Messrs. 
Garrett are also extensive manufacturers of fixed 
engines. Their fixed engine is constructed with an 
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inverted cylinder on a cylindrical column, which con- 
tains all the working parts, — the fly wheel shaft being 
placed below. 



Bach & Co.’s Portable Steam Engine. 
HH 


466 turner’s portable engine. 

E. K. and F. Turner in fig. 70., and that of Messrs. 
Hornsby and Son in fig. 71. 


Fig . 70. 



671. Q. — Will you describe Messrs. Turner’s 
engine ? 


Portable and Agricultcral Engine, by E. R. and F. Tcrner. 
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A . — This engine is of 4 horses power nominal. 
The boiler is of the locomotive form, the cylindrical 
part, made of plates J in. thick, shell over fire box of 
-^th plate. Fire box of |th plate, and tube plate, 
f th inch thick, of best Lowmoor iron. The tubes are 
22 in number, and 2^ inches diameter. Below the 
grate there is a sliding ash pan, fitted with a door for 
clearing the bars, and which also serves for regulating 
the draught. The cylinder is 6 inches bore, and is 
mounted on one side of the shell, over the fire box. 
The steam pipe is formed by a small column, which 
also carries a disc starting valve and the safety valve, 
whilst the top forms a rest for the chimney, upon 
which it is laid back when the engine is travelling. 
By combining these uses in the columnar steam pipe, 
much drilling and bolting, as well as jointing to the 
boiler, is avoided. The guide of the piston rod is 
formed of two planed wrought iron bars, supported at 
one end by the cylinder cover, and at the other by a 
suitable iron standard. A bracket casting, mounted 
on the boiler near the chimney, carries the pedestals 
for the crank shaft, which is of wrought iron, 2J 
inches diameter. The fiy- wheel is 4 ft. 6 in. dia- 
meter, and answers for a driving pulley. The engine 
makes 140 revolutions per minute ; the length of the 
stroke is lOJ inches; pressure of steam in boiler 
45 lbs. per square inch. The consumption of coal is 
about 3 cwt. per day of 10 hours; consumption of 
water about 300 gallons; during which time the 
engine will thrash out 40 quarters of wheat, and at the 
same time riddle it and shake the straw. This per- 
formance is the same as that of Messrs. Barrett, Exall, 

H H 2 
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and Andrewes’ engine, as recited at page 499, and the 
figures there given may be taken as representing the 
average performances of portable agricultural en- 
gines of good construction at the present time. In 
the smaller class of engines the performance will be 
somewhat inferior to what it is in the larger ; and 
the result, therefore, will not be precisely the same as 
is given in the table, where the comparative efficacy 
of all the classes is set down as the same. The best 
modern engines will work with a rather larger maxi- 
mum efficiency. 

672. Q. — Will you describe the portable engine of 
Messrs. Hornsby and Son ? 

A . — This engine appears to be fully as efficient, as 
regards economy of fuel, as any portable engine yet 
manufactured ; a distinction which it probably in a 
great measure owes to the situation of the cylinder, 
which is placed within the boiler. An 8 horse power 
engine of these makers weighs 58 cwt., and burns 
very little over 4 lbs. of coal per horse power per hour, 
and in some cases the consumption has been as low 
as lbs. per actual horse power per hour. Messrs. 
Hornsby have obtained more prizes for their engines 
probably than any other makers ; and in the great 
exhibitions of 1851 and 1862, the Paris Exhibition 
of 1855, and the Hamburgh Exhibition of 1863, they 
obtained prize medals. A portable engine of the form 
manufactured by Messrs. Gardiner and Mackintosh 
of New Cross, London, is represented in^^. 73. 

633, Q. — Will you describe the portable agricul- 
tural engine of Messrs. Tuxford and Sons ? 

A , — In this engine, which is represented in 
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Fig. 71. 



IIORNSBT AND Son’S PORTABLE AGRICILITRAL 
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a sheet iron box, which may be locked up, are less 
liable than common engines to be injured by dust or 
rain, or to be damaged by meddling spectators, or by 


Ffg. 73. 



Gardiner and Macintosh’s Portable Engine. 


theft of the brass work. It is also maintained that 
the cylinder, from being vertical, is not so liable to 
wear oval as in engines where the cylinder lies 
on its side. 

674. Q. - Will you describe the arrangement 

adopted in Mr. Burrell’s engine ? 
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This engine, which is represented mfig* 74., 
is a simple and well proportioned engine, with the 
cylinder arranged on the top of the boiler, as is the 
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675. Q. — What other portable 
agricultural engines are there 
which appear to you to merit de- 
scription ? 

A. — There is the engine of 
Messrs. Barrett, Exall, and An- 
drewes, represented in 75., and 
which is a highly efficient and 
well contrived engine. In this 
engine the cylinder is set upon 
the boiler, and the saddle by which 


75 . 



Barrett, Exall, and andukwks’ Purtaulk Auuicultural Enuine. 


474 BARRETT, EXALL, AND ANDREWES* ENGINE. 

the cylinder is attached to the boiler is formed into a 
steam chest, which both helps to keep the cylinder 
hot and to obviate priming. In an engine constructed 
upon this plan, any ice which may form within the 
engine in winter when it is not at work, is gradually 
thawed and dissolved out as the steam is got up, so 
that there will be no impediment to the engine being 
started when the steam has attained a sufficient elas- 
ticity. Most of the other makers have suitable pro- 
visions for insuring the same result. The main 
incidents of the performance of Messrs. Barrett, Exall, 
and Andre wes’ engine, as ascertained by the makers, 
are given in page 499. Messrs. Barrett and Co. 
claim to have reduced the weight of the portable en- 
gine considerably. The boiler and cylinder are 
covered with hair felt and wood lagging to prevent 
any undue dispersion of the heat, and each engine is 
fitted with safety valve, governor, water gauge, two 
gauge cocks, blow off cock and mud holes, ash pan, 
damper, drag shoe, stoking tools, flue brush, and water- 
proof cover. In Mr, Batley’s engine the cylinder is also 
set in the smoke box at the foot of the chimney, and the 
general arrangements are very simple and compact. 
In Mr. Butlin’s engine there is a steam dome above the 
fire box, to the side of which the end of the cylinder is 
attached, so that the cylinder lies in a horizontal line 
a little above the highest part of the barrel of the 
boiler. There are several other makers of portable 
agricultural engines, which have produced engines of 
a very efficient character ; but any recent feature of 
importance is noticed in the Introduction. 
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676. Q. — Will you specify the general character 
of these engines ? 

A. — The portable engines of the principal makers 
are very admirable examples of steam machinery, and 
they combine in a very eminent degree the essential 
qualities of cheapness, simplicity, and efficiency. The 
average cost of these engines varies from 35/. to 45/. 
per horse power in the case of the smaller sized 
engines, say of 4 horses power ; and from 261. to 30/. per 
horse power in the case of the larger class of engines, 
say of 10 horses power. The best engines work with 
a consumption of under 4 lbs. of coal per horse power 
per hour, and the simplicity of the arrangements is 
such as to enable an ignorant farm labourer to 
assume the charge of an engine, with very slight 
preliminary instruction. It cannot be doubted, that 
the constant strain kept up among the makers of 
these engines to outdo one another at the periodical 
exhibitions of agricultural machinery held in different 
parts of the kingdom, has led to a course of rapid 
improvement, especially in regard to economy of 
fuel; just as the publication of Lean’s reports, in 
Cornwall, put all the engineers upon their mettle ; and 
from the increased vigilance and constant emulation 
thus excited, important ameliorations speedily arose. 
It appears to be highly probable, that one result of 
this superior activity existing in the case of the 
makers of agricultural engines must be, that their 
engines will gain a wider introduction than they 
themselves expected, and occupy fields heretofore 
monopolised by another class of manufacturers. If 
their engines burn less coals than other engines, — 
if they are more easily managed — more rarely 
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break — and can be obtained for less money — it 
requires no great penetration to foresee that a vast 
field will be opened to their skill and enterprise, which, 
but for the stimulus of competition, would never have 
been available. The main condition of exemption 
from break-downs lies in making the parts of what 
may be considered very superfluous strength. Heat- 
ing of the bearings is to be prevented by large 
surfaces and good fitting. Economy of fuel is to be 
obtained by constructing the valves with much lap 
and lead, and throttling the steam by the governor ; 
by working with a high pressure of steam, and giving 
little of it ; by keeping the cylinder and boiler very 
hot, and by heating the feed water by the waste 
steam or smoke to the boiling point before sending it 
into the boiler. The fire grate should not be too 
large, else the heating surface of the tubes will not 
be so effective ; for if the fire grate is large, the heat 
being more diffused will be less intense, and will be 
absorbed in the fire box with less rapidity, leaving 
consequently the tubes with more work to do. 

FIXED AGRICULTURAL ENGINES. 

677. Q. — Will you now proceed to describe some 
of the fixed agricultural steam engines that are most 
commonly employed ? 

A* — These engines are of very various kinds ; some 
are horizontal, others beam, others oscillating; then 
there are table engines with side rods, resembling 
Maudslay’s portable engine; there are also upright 
engines, with the cylinder overhead working down to 
the crank below, and engines with the cylinder below 
Vvorking up to the crank overhead. 




15- Horse Power Statiohary EjiciNE, by liA^soMM and Sims. 



Clayton, Shuttleworth, and Co.’s fixed Horizontal Engine. 



Messrs. E. R. and F. Turner’s fixed Horizontal Engine. 
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type of all fixed engines of these makers, from 4 
horses power up to 25 horses power. Above that 
power they usually place two engines side by side 
working upon a single shaft with fly-wheel between, 
and a crank at each end set at right angles to each 
other. In the sizes above 12 horses power, Messrs. 
Ransomes always fit their engines with a separate 
slide valve, so as to cut oflT the steam where required, 
and lower powers are also thus fitted when variable 
work has to be performed. The fixed horizontal 
engine of Messrs. Clayton and Shuttleworth, repre- 
sented in fig, 77., bears a near resemblance in all 
material points to the engine just described; and the 
same remark applies to the fixed horizontal engine of 
Messrs. E. R. and F. Turner, which is represented in 
fig, 78. Any points of deviation in the constructive 
arrangements of these engines will be made apparent 
by a comparison of the respective figures, 

679. Q , — Will you describe the fixed engine of 
Messrs. Barrett, Exall, and Andrewes ? 

A, — Fig, 79. is a representation of Barrett, Exall, 
and Andrewes’ fixed engine, and it is of the same 
type as some of those already described. The 
cylinder lies on its side on a strong bed-plate of cast 
iron, on which brackets are cast for sustaining the 
shaft plummer blocks. The crank is a double one, 
and is formed in one piece with the shaft. The slide 
valve, which lies on the further side of the cylinder, 
and is, therefore, not seen in the figure, is worked by 
an eccentric on the shaft, and another eccentric, on 
the side of the crank nearest the spectator, gives 
motion to the feed pump. 
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680. Q . — What is the construction of Hornsby and 
Son’s fixed engine ? 

A , — It resembles the horkontal engines already 
described, as will bo seen by a reference to 80., 
which is a representation of that engine. The 
working parts, few in number, are easy of access 
for lubrication or adjustment. The engines are made 
with a centre crank, by which the oscillation of the 
shaft, and wear of the bearings, are reduced to the 
lowest point ; and the shaft is made sufficiently long 
for fixing the fly-wheel on either side, or a pulley for 
a slower speed. The cylinder and valves are cased 
in a plate-iron steam jacket, which forms a heating 
surface around them. The piston is metallic. The 
slide-bars, pins, nuts, and eyes are case-hardened, and 
wrought-iron is used wherever practicable. The 
engines of these makers are supplied with cylindrical 
Cornish boilers of suitable size and strength. In all 
engines of this class intended to run at a high speed 
it is very advisable to have the crank double, as 
in Messrs. Hornsby’s engine, and also to make the 
wearing surfaces large, and to balance the momentum 
by a revolving weight at the cranks. 

681. Q , — What is the construction of the table 
engine ? 

A . — In the table engine the cylinder stands on a 
frame formed with four legs like a table. There is a 
cross head moving in guides, attached to the top of the 
piston rod, and from the ends of this cross head two side 
rods proceed to a similar cross head — or cross tail, as 
it is called — flying beneath the cylinder, and from the 
centre of which a short connecting rod proceeds to the 
1 1 2 
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crank. The side rods, cross tail, and short connecting 
rod, form together a great forked connecting rod, of 
which the upper end is attached to the cross head, and 


Fig. 81. 



TuXFonD AND Sons’ K>oinb. 12 horses power. 

the lower to the crunk. This is a species of engine, 
which was at one time much used for driving factories, 
and for such miscellaneous purposes as require a 
small power set in a small space ; but it is now super- 
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seded by other engines of equal compactness and 
greater simplicity of construction. The table engine 
of Messrs. Tuxford and Sons is represented in Jig. 81., 
and it is a favourable example of engines of that class. 
An engine of a class similar to the table engine, is 
represented in jig, 82. This engine is made with a 
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Tuxford and Sons’ double Side Rod Engine. 6 horses power. 

cross head, as in the table engine, but the side rods 
are guided on their lower ends by guides on the sides 
of the cylinder, and from the lower ends of these side 
rods, other side rods — or they might be termed con- 
necting rods — proceed to the crank, and put it into 
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revolution. The length of the crank pin by this 
arrangement exceeds the diameter of the cylinder. 
This kind of engine, though simpler than the table 
engine, is not so simple as the oscillating engine, 
though it has advantage over it in some respects. 


Fig. 83 



TuxFOttD AND Sons’ OSCILLATING ENGINE. 4 horses power. 


682. Q. — Will you describe the arrangement of 
oscillating engine used for agricultural purposes ? 

A, — Fig, 83. represents the oscillating engine of 
Messrs. Tuxford, and 84. represents CrosskilFs 
oscillating engine. In most of these small engines the 
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valve is worked by the oscillation of the cylinder; 
but one detriment of that arrangement is, that the 

Fig. 84. 



CftOSSKlLL’S OSCILLATINU EnGINK. 


proper degree of lead is not given, and it appears pre- 
ferable to employ an eccentric in all cases in which 
the engine is run at a high rate of speed. 

683. Q. — Will you now describe some of the 
varieties of vertical engines ? 
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Fig . 85. 



Benson’s Veetical Engine. 


Nasmyth’s inverted fixed engine. 489 


A. — Fig. 85., which is a representation of Benson’s 
fixed rotative engine, is an engine of this character. 

Fig , 86. 



Nasmyth’s llorATivs E.nuinis. 


The cylinder, with the piston rod proceeding from its 
upper part, is set upon a sole plate of cast iron, and the 
end of the piston rod, which is attached to the con- 


Fig. 87 . 
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necting rod moves in an eye. The connecting rod is 
forked, and the fly-wheel shaft is supported on the 
top of a stout cast iron column^ and drives tke 
governor by oblique gearing. The woodcut will 
enable the general features of the engine to be easily 
understood. Another species of vertical engine is 
given in Jig, 86., which represents Nasmyth’s variety 
of inverted engine. This engine in its general ar- 
rangement resembles that of his steam hammer, only 
that it is provided with a crank and fly-wheel, of 
which the steam hammer is, of course, destitute. This 
is a cheap and simple species of engine ; it stands in 
little room, is very strong, and acts well. 

684. Q. — Will you give another example of an 
engine with the crank aloft and the cylinder below? 

A , — An engine of this kind is represented in Jig, 87., 
which is the engine of Messrs. Ferrabee of Stroud. 
The crank shaft is laid across the top of a strong 
hollow pillar, out of which a hole is mortised to allow 
the fly wheel to revolve. The cylinder is bolted to the 
bottom of the same pillar. The slide valve is worked 
by a weigh shaft. The base of the column forms a 
water cistern for replenishing the boiler, into which 
the steam is discharged from the cylinder. The feed 
pump, worked by an eccentric on the crank shafr, is 
bolted to the base of the column with the supply 
valve helow the water in the cistern, thereby insuring 
the action of the pump when the water is nearly at 
boiling point. The engine is fitted with a simple cut 
off valve for working the steam expansively, tliereby 
economising fuel* 
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685. Q — What is the usual price of the fixed 
agricultural engines ? 

A. — The price per horse power varies with the 
size. A four horse power engine costs from 33/. to 
35/. per horse power ; a ten horse power engine from 
22/. to 27/. per horse power ; and a thirty horse power 
engine about 19/. per horse power. This price in- 
cludes boiler. 

686. Q. — For what purposes about a farm are 
steam engines principally used? 

A . — For thrashing corn, pumping water, sawing 
timber, bruising oats or beans, chopping up hay, and 
a number of other similar purposes. Sometimes the 
waste steam is made use of to cook the food of cattle, 
and to heat drying lofts. Engines of some of the 
classes described are much used by contractors for 
pump water, mixing mortar, moulding bricks, hoisting 
stones, and performing other laborious tasks, for which 
a considerable amount of power is required. 

687. Q. — Has the steam engine been applied to the 
operation of ploughing ? 

A, — It cannot be said to have been yet applied 
practically, though experiments have been made 
which seem to indicate that such an application is by 
no means impossible. One of the plans proposed is to 
have a locomotive engine advancing slowly along the 
opposite sides of a field, with a chain passing across 
the field from one engine to the other. This chain is 
wound and unwound by each engine alternately, and 
it carries with it a plough, making any required 
number of cuts. Another expedient is to have re- 
volving ploughshares set on an axle, driven by a loco- 
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688. Q. — Will you describe the structure and 
operation of Usher s steam plough ? 

A, — The machine substantially consists of a loco- 
motive engine, with the fore wheels made to swivel, so 
as to guide the machine, while the hind wheels consist 
of a great drum stretching across beneatlj the engine, 
to prevent the weight from sinking the machine too 
deep in the soft ground. At the end of the engine 
an axle runs across, from side to side, carrying any 
required number of sets of revolving ploughshares, 
and this axle can be raised or depressed by appropriate 
mechanism, so as to give the ploughshares any amount 
of dip which may be found expedient. The axle 
carrying the ploughshares has its speed reduced, and 
its force of rotation increased, by the interposition of 
gearing between it and the engine. 

689- Q. — Describe the apparatus in greater detail. 

A, — Referring to the figure, a a' is the wheel 
carrying the three ploughshares e e' e '' ; each plough- 
share is preceded by a coulter or cutter, and a succes- 
sion of similar wheels and ploughshares is set upon 
the axle, so that the machine ploughs its own breadth 
at once. The wheels of the fore carriage are lettered 
b b, and f is the great drum stretching across the 
engine to support the weight. This drum is fixed on 
the axle g. The cylinder of the engine is shown at Vy 
and o is the connecting rod turning the crank. On 
the crank shaft is placed a pinion jo, working into the 
large spur wheel g\ which turns on the axle h ; and a 
pinion affixed to g^ gives motion to a wheel fixed to 
the drum f. At the same time g' gears into a smaller 
wlieel on the axis w, and so puts the rotating plough- 
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shares into revolution. The axle u is supported by 
the framework * which by turning round the cross 
handle attached to a small pinion gearing with the 
sector Z, may be moved like a vibrating beam on the 
centre and the bite of the revolving ploughshares 
may therefore be increased or diminished by turning 
in the appropriate direction the cross handle at I, It 
will be obvious that as the frame i i vibrates on the 
same centre on which the wheel g' revolves, that the 
elevation or depression of the ploughshares does not 
affect the gear of the wheels. 

690. Q. — In pumping water on the small scale for 
agricultural and miscellaneous purposes, is it indis- 
pcmsable that the engine should be a rotative one ? 

A . — No; it may be made without a crank if judged 
preferable, but if so made it will of course be unsuit- 
able for any of the uses for which a rotatory motion 
is necessary. For most purposes, moreover, the cen- 
trifugal pump is preferable to reciprocating pumps, as 
it utilises a larger proportion of the power of the 
engine, is without valves, which may choke or wear 
out, and lifts clean and dirty water indifferently. 
There are cases, nevertheless, in which reciprocating 
pumps moved by a reciprocating engine may be ad- 
vantageously employed, and an arrangement suitable 
for such cases is represented in fig. 89. 

691. Q. — Will you explain the details of this ar- 
rangement ? 

A. — In this engine the piston and pump plunger 
are directly connected by the piston rod, and the slid(3 
valve is moved by an arm on the piston rod, which 
strikes tappets on the valve rod. a is the cylinder, b 
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the valve ; and on the end of the valve rod there is 
a small piston working in the small cylinder c, with a 
groove along its lower side, and this cylinder commu- 
nicates by a small hole with the valve casing. When 
the bosses gg are struck by the arm c, the small piston 
at c prevents the valve from being driven too far by 
the impact. The valve is moved at starting by the 
handle f, and is a stop valve for regulating the ad- 
mission of the steam. The plunger of the pump h is 
square, and the pump is double acting : i is the suc- 
tion pipe, o' o' the suction valves, and o o the delivery 
valves. These valves are formed of india rubber discs 
moving on spindles up against flat guards : n n are 
small holes bored through the plunger, which have 
the effect of opening a communication between the 
two ends of the pump, just before the end of the 
stroke ; and their intention is to diminish the concus- 
sion of the water by allowing a little of it to escape, 
which will be tantamount to giving it a slight com- 
pressibility. w is a hand hole for getting ready access 
to the valves ; t is the delivery pipe, and x an air 
vessel on that pipe. This pump is found to work with 
great smoothness, and has been a good deal used in 
America for feeding steam boilers with water and for 
other purposes. In pumps, however, which are liable 
to a back leakage of hot water or steam, it is better to 
make them so that the plunger completely fills up the 
pump barrel ; and there should be no vacant spaces at 
the ends for the steam to lodge, but as far as possible 
precaution should be taken so that the whole contents 
of the barrel, whether liquid or vaporous, shall be ex- 
pelled completely at every stroke. 

RK 
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692. Q. — Having now described the most usual 
and approved forms of engines applicable to agricul- 
tural purposes, and to tlie numerous miscellaneous 
purposes for which a moderate amount of steam power 
is required, will you briefly recapitulate what amount 
of work of different kinds an engine of a given power 
will perform, so that any one desiring to employ an 
engine to perform a given amount of work, will be 
able to tell what the power of such engine should be ? 

A* — It will of course be impossible to recapitulate 
all the purposes to which engines are applicable, or to 
specify for every case the amount of power necessary 
for the accomplishment of a given amount of work ; 
but some examples may be given which will be appli- 
cable to the bulk of the cases occurring in practice. 

693. Q. — Beginning, then, with the power necessary 
for thrashing, — ^you have already stated that a 4 horse 
power engine, with cylinder 6 inches diameter, pres- 
sure of steam 45 lbs. per square inch, and making 
140 revolutions per minute, will thrash out 40 
quarters of wheat in 10 hours with a consumption of 
3 cwt. of coals ? 

A, — Although this may be done, it is probably too 
much to say that it can be done on an average, and 
about three-fourths of a quarter of wheat per horse 
power would probably be a nearer average. The 
amount of power consumed varies with the yield. 
Messrs. Ran some state that their 8 horse power en- 
gine will drive with ease two pair of mill stone? 3 feet 
8 inches diameter. 

Messrs. Barrett, Exall, and Andrewes give the 
following table as illustrative of the work done, and 
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the fuel consumed by their portable engines ; and tliis 
must be regarded as a good performance; — 


Nxmjhcr of 
Hordes Tower. 

Weight of Engine. 

QimrtcTs of Com 
tbraOiLHi in lu 

truant ity of 
Cu.ils consumed 
ill 10 Hours. 

Ouivntity of 
\\ iiter riquired 
for 10 Hours 

111 Ciulloiis. 

4 

Tons. 

2 

Cwts. 

0 

40 

Cwtg. 

3 

300 

5 

2 

5 

f*0 

4 

3K0 

6 

2 

10 

r.o 

.■> 

400 

7 

2 

15 

70 

C 

f)40 

R 

3 

0 

80 

7 

620 

10 

3 

10 

100 

y 

7 HO 


694. Q. — In speaking of horses power, I suppose 
you mean indicator horse power ? 

A Yes ; or rather the dynamometer horse power, 

which is the same, barring the friction of the engine. 
At the shows of the Royal Agricultural Society, the 
power actually exerted by the different engines is 
ascertained by the application of a friction wheel or 
dynamometer. 

695. Q. — Can you give any other examjdes of the 
power necessary for grinding corn ? 

A , — An engine exerting 23 horses power by the 
indicator works two pairs of flour stones of 4 feet 8 
inches diameter, two pair of stones grinding oatmeal 
of 4 feet 8 inches diameter, one dressing machine, 
one pair of fanners, one dust screen, and one sifting 
machine. One of the flour stones makes 85, and 
the other 90 revolutions in the minute. One of the 
oatmeal stones makes 120, and the other 140 revolu- 
tions in the minute. To take another case : — An 
engine exerting indicator horse power works two 
pairs of flour stones, one dressing machine, two pairs of 
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stones grinding oatmeal, and one pair of shelling 
stones. The flour stones, one pair of the oatmeal 
stones, and shelling stones, are 4 feet 8 inches 
diameter. The diameter of the other pair of oatmeal 
stones is 3 feet 8 inches. The length of the cylinder of 
the dressing machine is 7 feet 6 inches. The flour 
stones make 87 revolutions in the minute, and the 
larger oatmeal stone 111 revolutions, but the smaller 
oatmeal stone and the shelling stone revolve faster 
than this. At the time the indicator diagram was 
taken, each pair of flour stones was grinding at the 
rate of 5 bushels an hour; each pair of oatmeal 
stones about 24 bushels an hour ; and the shelling 
stones were shelling at the rate of about 54 bushels 
an hour. The fanners and screen were also in opera- 
tion. 

696. Q. — Have you any other cases to enumerate ? 

A. — 1 may mention one in which the power of the 
dame engine was increased by giving it a larger supply 
of steam. The engine when working with 8*65 
horses power, gives motion to one pair of oatmeal 
stones of 4 feet 6 inches diameter, and one pair of 
flour stones 4 feet 8 inches diameter. The oatmeal 
stone makes 100 revolutions in the minute, and the 
flour stone 89. The oatmeal stones grind about 36 
bushels in the hour, and the flour stones 5 bushels in 
the hour. The engine when working to 12 horses 
power drives one pair of flour stones, 4 feet 8 inches 
diameter^ at 89 revolutions per minute, and one pair 
of stones of the same diameter at 105 revolutions, 
grinding beans for cattle. The flour mill stones with 
this proportion of power, being more largely fed. 
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ground 6 bushels per hour, and the other stones also 
ground 6 bushels per hour. When the power was 
increased to 18 horses, and the engine was burdened 
in addition with a dressing machine having a 
cylinder of 19 inches diameter, the speed of the flour 
stone fell to 85, and of the beans stone to 100 revolu- 
tions per minute, and the yield was also reduced. 
The dressing machine dressed 24 bushels per hour. 

697. Q* — What is the power necessary to work a 
sugar mill such as is used to press the juice from canes 
in the West Indies ? 

A , — Twenty horses power will work a sugar mill 
having rollers about 5 feet long and 28 inches dia- 
meter ; the rollers making 2} turns in a minute. If 
the rollers be 26 inches diameter and 4J- feet long, 
18 horses power will suffice to work them at the 
same speed, and 16 horses power if the length be re- 
duced to 3 feet 8 inches. 12 horses power will be 
required to work a sugar mill with rollers 24 inches 
diameter and 4 feet 2 inches long ; and 10 horses power 
will suffice if the rollers be 3 feet 10 inches long and 
23 inches diameter. The speed of the surface of 
sugar mill rollers should not be greater than 16 feet 
per minute, to allow time for the canes to part with 
their juice. In the old mills the speed was invariably 
too great. The quantity of juice expressed will not 
be increased by increasing the speed of the rollers, 
but more of the juice will pass away in the begass or 
woody refuse of the cane. 

698. Q. — What is the amount of power necessary 
to drive cotton mills ? 

A , — An indicator or actual horse power will drive 
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305 hand mule spindles, with proportion of preparing 
machinery for the same ; or 230 self-acting mule 
spindles with preparation; or 104 throstle spindles 
with preparation ; or 10^ power looms with common 
sizing. The throstles referred to are the common 
throstles spinning 34’s twist for power loom weaving; 
and the spindles make 4000 turns per minute. The 
self acting mules are Roberts', about one half spinning 
36’s weft, and spindles revolving 4800 turns per 
minute ; and the other half spinning 36’s twist, with 
the spindles revolving 5200 times per minute. Half 
the hand mules were spinning 36's weft, at 4700 re- 
volutions, and the other half 36’s twist at 5000 re- 
volutions per minute. The average breadth of the 
looms was 37 inches, weaving 37 inch cloth, making 
123 picks per minute, — all common calicoes about 60 
reed, Stockport count, and 68 picks to the inch. To 
take another example in the case of a mill for twisting 
cotton yarn into thread : — In this mill there are 27 
frames with 96 common throstle spindles in each, 
making in all 2592 spindles. The spindles turn 2200 
times in a minute ; the bobbins are 1|- inches dia- 
meter, and the part which holds the thread is 
inches long. In addition to the twisting frames the 
steam engine works 4 turning lathes, 3 polishing 
lathes, 2 American machines for turning small 
bobbins, two circular saws one of 22 and the other of 
14 inches diameter, and 24 bobbin heads or machines 
for filling the bobbins with finished thread. The 
power required to drive the w^hole of this machinery 
is 281 horses. When all tlie machinery except the 
sp'ndles is thrown off, the power required is 21 horses, 



POWER REQUIRED FOR SAWINO. 


503 


flo that 2592, the total number of spindles, divided by 
21, the total power, is the number of twisting spindles 
worked by each actual horse power. The number is 
122-84. 

699. Q. — What work will be done by a given 
engine in sawing timber, pressing cotton, blowing 
furnaces, driving piles, and dredging earth out of 
rivers ? 

A, — A high pressure cylinder 10 inches diameter, 

4 feet stroke, making 35 revolutions with steam of 90 
to 100 lbs. on the square inch, supplied by three cy- 
lindrical boilers 30 inches diameter and 20 feet long, 
works two vertical saws of 34 inches stroke, whicli 
are capable of cutting 30 feet of yellow pine, 18 inches 
deep, in the minute. A high pressure cylinder 14 
inches diameter and 4 feet stroke, making 60 strokes 
per minute with steam of 40 lbs. on the square inch, 
supplied by three cylindrical boilers without flues, 30 
inches diameter and 26 feet long, with 32 square feet 
of grate surface, works four cotton presses geared 6 to 
1, with two screws in each of 7|- inches diameter and 
If pitch, which presses will screw 1000 bales of 
cotton in the twelve hours. Also one high pressure 
cylinder of 10 inches diameter and 3 feet stroke, 
making 4^5 to 60 revolutions per minute, with steam 
of 45 to 50 lbs. per square inch, with two hydraulic 
presses having 12 inch rams of 4f feet stroke, and 
force pumps 2 inches diameter and 6 inches stroke, 
presses 30 bales of cotton per hour. One condensing 
engine with cylinder 56 inches diameter, 10 feet 
stroke, and making 15 strokes per minute with steam 
of 60 lbs. pressure per square inch, cut off at Jth of 
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tlie stroke, supplied by six boilers, each 5 feet dia- 
meter, and 24 feet long, with a 22-inch double-return 
flue in each, and 198 square feet of fire grate, works a 
blast cylinder of 126 inches diameter, and 10 feet 
stroke, at 15 strokes per minute. The pressure of the 
blast is 4 to 5 lbs. per square inch ; the area of pipes 
2300 square inches, and the engine blows four 
furnaces of 14 feet diameter, each making 100 tons of 
pig iron per week. Two high pressure cylinders, 
each of 6 inches diameter and 18 inches stroke, 
making 60 to 80 strokes per minute, with steam of 
60 lbs. per square inch, lift two rams, each weighing 
1000 lbs., five times in a minute, the leaders for the 
lift being 24 feet long. One high pressure cylindei 
of 12 inches diameter and 5 feet stroke, making 20 
strokes per minute, with steam of 60 to 70 lbs. pres- 
sure per square inch, lifts 6 buckets full of dredging 
per minute from a depth of 30 feet below the water, 
or lifts 10 buckets full of mud per minute from 
a depth of 18 feet below the water 
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CHAP. XIL 

Manufacture and management op steam 

ENGINES. 


CONSTRUCTION OF ENGINES. 

700. Q. — What are the qualities which should be 
possessed by the iron of which the cylinders of steam 
engines are made ? 

A, — The general ambition in making cylinders is 
to make them sound and hard ; but it is expedient 
also to make them tough, so as to approach as nearly 
as possible to the state of malleable iron. This may 
be done by mixing in the furnace as many different 
kinds of iron as possible ; and it may be set down as 
a general rule in iron founding, that the greater the 
number of the kinds of metal entering into the com- 
position of any casting, the denser and tougher it will 
be. The constituent atoms of the different kinds of 
iron appear to be of different sizes, and the mixture 
of different kinds maintains the toughness, while it 
adds to the density and cohesive power. Hot blast 
iron was at one time generally believed to be weaker 
than cold blast iron, but it is now questioned whether 
it is not the stronger of the two. The cohesive 
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strength of unmixed iron is not in proportion to its 
specific gravity, and its elasticity and power to resist 
shocks appears to become greater as the specific 
gravity becomes less. Nos. 3. and 4. are the strongest 
irons. In most cases, iron melted in a cupola is not 
so strong as when remelted in an air furnace, and 
when run into green sand it is not reckoned so strong 
as when run into dry sand, or loam. The quality of 
the fuel, and even the state of the weather, exerts an 
influence on the quality of the iron : smelting fur- 
naces, on the cold blast principle, have long been 
known to yield better iron in winter than in summer, 
probably from the existence of less moisture in the 
air ; and it would probably be found to accomplish an 
improvement in the quality of the iron if the blast 
were made to pass through a vessel containing muriate 
of lime, by which the moisture of the air would be 
extracted. The expense of such a preparation would 
not be considerable, as, by subsequent evaporation, 
the salt might be used over and over again for the 
same purpose. 

701. Q. — Will you explain the process of casting 
cylinders ? 

A . — The mould into which the metal is poured is 
built up of bricks and loam, the loam being clay and 
sand ground together in a mill, with the addition of a 
little horsedung to give it a fibrous structure and 
prevent cracks. The loam board, by which the circle 
of the cylinder is to be swept, is attached to an up- 
right iron bar, at the distance of the radius of the 
cylinder, and a cylindrical shell of brick is built up, 
which is plastered on the inside with loam, and made 
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quite smooth by traversing the perpendicular loam 
board round it. A core is then formed in a similar 
manner, but so much smaller as to leave a space be- 
tween the shell and the core equal to the thickness of 
the cylinder, and into this space the melted metal is 
poured. Whatever nozzles or projections are required 
upon the cylinder, must be formed by means of wooden 
patterns, which are built into the shell, and subse- 
quently withdrawn ; but where a number of cylinders 
of the same kind arc required, it is advisable to make 
these patterns of iron, which will not be liable to warp 
or twist while the loam is being dried. Before the 
iron is cast into the mould, the interior of the mould 
must be covered with finely powdered charcoal — or 
blackening, as it is technically termed ; and the secret 
of making finely skinned castings lies in using plenty 
of blackening. In loam and dry sand castings the 
charcoal should be mixed with thick clay water, and 
applied until it is an eighth of an inch thick, or more ; 
the surface should be then very carefully smoothed 
or sleeked, and if the metal has been judiciously 
mixed, and the mould thoroughly dried, the casting is 
sure to be a fine one. Dry sand and loam castings 
should be, as much as possible, made in boxes ; the 
moulds may thereby be more rapidly and more effec- 
tually dried, and better castings will be got with a 
less expense. 

702. Q. — Will you explain the next operation 
which a cylinder undergoes ? 

A, — The next stage is the boring ; and in boring 
cylinders of 74 inches diameter, the boring bar must 
move so as to make one revolution in about 4^ 
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minutes, at which speed the cutters will move at the 
rate of about 5 feet per minute. In boring brass, the 
speed must be slower ; the common rate at which the 
tool moves in boring brass air pumps is about 3 feet 
per minute. If this speed be materially exceeded the 
tool will be spoiled, and the pump made taper. The 
speed proper for boring a cylinder will answer for 
boring the brass air pump of the same engine. A 
brass air pump of 36^ inches diameter requires the 
bar to make one turn in about three minutes, which 
is also the speed proper for a cylinder 60 inches in 
diameter. To bore a brass air pump 36|- inches in 
diameter requires a week, an iron one requires 48 
liours, and a copper one 24 hours. In turning a mal- 
leable iron shaft 12 J inches in diameter, the shaft 
should make about five turns per minute, wdiich is 
equivalent to a speed in the tool of about 16 feet per 
minute ; but this speed may be exceeded if soap and 
water be plentifully run on the point of the tool. A 
boring mill, of which the speed may be varied from 
one turn in six minutes to twenty-five turns in one 
minute, wdll be suitable for all ordinary wants that 
can occur in practice. 

703. Q. — Are there any precautions necessary to 
be observed in order that the boring may be truly 
effected ? 

A» — In fixing a cylinder into the boring mill, 
great care must be taken that it is not screwed down 
unequally ; and indeed it will be impossible to bore a 
large cylinder in a horizontal mill without being oval, 
unless the cylinder be carefully gauged when standing 
on end, and be set up by screws when laid in the mill 
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until it again assumes its original form. A large 
cylinder will inevitably become oval if laid upon its 
side ; and if while under the tension due to its owm 
weight it be bored round, it will become oval again 
when set upon end. If the bottom be cast in, the 
cylinder will be probably found to be round at one 
end and oval at the other, unless a vertical boring 
mill be employed, or the precautions here suggested 
be adopted. 

704. Q. — Does the boring tool make the cylinder 
sufficiently smooth for the reception of the piston ? 

A, — Many engine makers give no other finish to 
their cylinders; but Messrs. Penn grind their cylinders 
after they are bored, by laying them on their side, 
and rubbing a piece of lead, with a cross iron handle 
like that of a rolling stone, and smeared with emery 
and oil, backwards and forwards — the cylinder being 
gradually turned round so as to subject every part 
successively to the operation. The lead by which 
this grinding is accomplished is cast in the cylinder, 
whereby it is formed of the right curve ; but the part 
of the cylinder in which it is cast should be previously 
heated by a hot iron, else the metal may be cracked 
by the sudden heat. 

705, Q. — How are the parts of a piston fitted to- 
gether so as to be perfectly steam tight ? 

A, — The old practice was to depend chiefly upon 
grinding as the means of making the rings tight upon 
the piston or upon one another ; but scraping is now 
chiefly relied on. Some makers, however, finish their 
steam surfaces by grinding them with povrdered 
Turkey stone and oil. A slight grinding, or polish- 
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ing, witli powdered Turkey stone and oil, appears tc 
be expedient in ordinary cases, and may be conve- 
niently accomplished by setting the piston on a re- 
volving table, and holding the ring stationary by a 
cross piece of wood while the table turns round. Pieces 
of wood may be interposed between the ring and the 
body of the piston, to keep the ring nearly in its right 
position ; but these pieces of wood should be fitted so 
loosely as to give some side play, else the disposition 
would arise to wear the flange of the piston into a 
groove. 

706. Q. — What kind of tool is used for finishing 
surfaces by scraping ? 

A, — A flat file bent, and sharpened at the end, 
makes an eligible scraper for the first stages ; or a 
flat file sharpened at the end and used like a chisel for 
wood, A three-cornered file, sharpened at all the 
corners, is the best instrument for finishing the opera- 
tion. The scraping tool should be of the best steel, 
and should be carefully sharpened at short intervals 
on a Turkey stone, so as to maintain a fine edge. 

707 . Q. — Will you explain the method of fitting 
together the valve and cylinder faces ? 

A . — Both faces must first be planed, then filed ac- 
cording to the indications of a metallic straight edge, 
and subsequently of a thick metallic face plate, and 
finally scraped very carefully until the face plate bears 
equally all over the surface. In planing any surface, 
the catches which retain the surface on the planing 
machine should be relaxed previously to the last cut, to 
obviate di stortion from spri nging. To ascertain whether 
the face plate bears equally, smear it over with a little 
red ochre and oil, and move the face plate slightly. 
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which will fix the colour upon the prominent points. 
This operation is to be repeated frequently ; and as the 
work advances, the quantity of colouring matter is to 
be diminished, until finally it is spread over the face 
plate in a thin film, which only dims the brightness of 
the plate. The surfaces at this stage must be rubbed 
firmly together to make the points of contact visible, 
and the higher points will become slightly clouded, 
while the other parts are left more or less in shade. 
If too small a quantity of colouring matter be used at 
first, it will be difficult to form a just conception of 
the general state of the surface, as the prominent 
points will alone be indicated, whereas the use of a 
large quantity of colouring matter in the latter stages 
would destroy the delicacy of the test the face plate 
affords. The number of bearing points which it is 
desirable to establish on the surface of the work, de- 
pends on the use to which the surface is to be applied j 
but whether it is to be finished with great elaboration, 
or otherwise, the bearing points should be distributed 
equally over the surface. Face plates, or piano- 
meters, as they are sometimes termed, are supplied by 
most of the makers of engineering tools. Every 
factory should be abundantly supplied with them, and 
also with steel straight edges ; and there should be a 
master face plate, and a master straight edge, for the 
sole purpose of testing, from time to time, the accuracy 
of those in use. 

708. Q. — Is the operation of surfacing, which you 
have described, necessary in the case of all slide 
valves ? 

A. — Yes; and in fitting the faces of a D valve, 
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great care must, in addition, be taken that the valve 
is not made conical ; for unless the back be exactly 
parallel with the face, it will be impossible to keep 
the packing from being rapidly cut away. When the 
valve is laid upon the face plate, the back must be 
made quite fair along the whole length, by draw 
filing, according to the indications of a straight edge ; 
and the distance from the face to the extreme height 
of the back must be made identical at each ex- 
tremity. 

709. Q. — When you described the operation of 
boring the cylinder, you stated that the cylinder, when 
laid upon its side, became oval ; will not this change 
of figure distort the cylinder face ? 

— It is not only in the boring of the cylinder 
that it is necessary to be careful that there is no 
change of figure, for it will be impossible to face the 
valves truly in the case of large cylinders, unless the 
cylinder be placed on end, or internal props be intro- 
duced to prevent the collapse due to the cylinder’s 
weight. It may be added, that the change of figure 
is not instantaneous, but becomes greater after some 
continuance of the strain than it was at first, so that 
in gauging a cylinder to ascertain the difference of 
diameter when it is placed on its side, it should have 
lain some days upon its side to ensure the accuracy of 
the operation. 

710. Q. — How is any flaw in the valve or cylinder 
face remedied ? 

A * — Should a hole occur either in the valve, in the 
cylinder, or any other part where the surface requires 
to be smooth, it may be plugged up with a piece of 
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cast iron, as nearly as possible of the same texture. 
Bore out the faulty part, and afterwards widen the 
hole w'ith an eccentric drill, so that it will be of the 
least diameter at the mouth. The hole may go more 
than half through the iron : fit then a plug of cast iron 
roughly by filing, and hammer it into the hole, 
whereby the plug will become riveted in it, and its 
surface may then be filed smooth. Square pieces 
may be let in after the same fashion, the hole being 
made dovetailed, and the pieces thus fitted will never 
come out. 

711. Q. — When cylinders are faced with brass, 
how is the face attached to the cylinder ? 

A Brass faces are put upon valves or cylinders 

by means of small brass screws tapped into the iron, 
with conical necks for the retention of the brass : they 
are screwed by means of a square head, which, when 
the screw is in its place, is cut oiF and filed smooth. 
In some cases the face is made of extra thickness, 
and a rim not so thick runs round it, forming a step 
or recess for the reception of brass rivets, the heads 
of which are clear of the face. 

712. Q. — What is the best material for valve 
faces? 

A * — Much trouble is experienced with every modi- 
fication of valve face ; but cast iron working upon 
cast iron is, perhaps, the best combination yet intro- 
duced. A usual practice is to pin brass faces on the 
cylinder, allowing the valve to retain its cast iron 
face. Some makers employ brass valves, and others 
pin brass on the valves, leaving tlie cylinder with a 
cast iron face. If brass valves are used, it is advis- 

L L 
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able to plane out two grooves across the face, and to 
fill them up with hard cast iron to prevent rutting. 
Speculum metal and steel have been tried for the 
cylinder faces, but only with moderate success. In 
some cases the brass gets into ruts ; but the most pre- 
valent afifection is a degradation of the iron, owing to 
the action of the steam, and the face assuming a 
granular appearance, something like loaf sugar. This 
action shows itself only at particular spots, and chiefly 
about tlie angles of the port or valve face. At first 
the action is slow ; but when once the steam has 
worked a passage for itself, the cutting away becomt^s 
very rapid, and, in a short time, it will be impossible 
to prevent the engine from heating when stopped, 
owing to the leakage of steam through the valve into 
the condenser. Copper steam pipes seem to have 
some galvanic action on valve faces, and malleable 
iron pipes have sometimes been substituted ; but they 
are speedily worn out by oxidation, and the scales of 
rust which are carried on by the steam scratch the 
valves and cylinders, so that the use of copper pipes 
is the least evil. 

713. Q.— -Will you explain in what manner the 
joints of an engine are made? 

A, — Rust joints are not now much used in engines 
of any kind, yet it is necessary that the engineer should 
be acquainted with the manner of their formation. 
One ounce of sal-ammoniac in powder is mingled 
with 18 ounces or a pound of borings of cast iron, 
and a suflftciency of water is added to wet the mixture 
thoroughly, which should be done some hours before 
it is wanted for use. Some persons add about half an 
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ounce of flowers of brimstone to the above proportions, 
and a little sludge from the grindstone trough. This 
cement is caulked into the joints with a caulking iron, 
about three quarters of an inch wide and one quarter 
of an inch thick, and after the caulking is finished the 
bolts of the joints may be tried to see if they cannot 
be further tightened. The skin of the iron must, in 
all cases, be broken where a rust joint is to be made ; 
and, if the place be greasy, the surface must be well 
rubbed over with nitric acid, and then washed with 
water, till no grease remains. The oil about engines 
has a tendency to damage rust joints by recovering 
the oxide. Coppersmiths staunch the edges of their 
plates and rivets by means of a cement formed of 
pounded quicklime, with serum of blood, or white of 
egg ; and in copper boilers such a substance may bo 
useful in stopping the impalpable leaks which some- 
times occur, though Roman cement appears to be 
nearly as effectual. 

714. Q. — Will you explain the method of case 
hardening the parts of engines ? 

A. — The most common plan for case hardening 
consists in the insertion of the articles to be operated 
upon among horn or leather cuttings, bone dust, or 
aninj^l charcoal, in an iron box provided with a tight 
lid, which is then put into a furnace for a period 
answerable to the depth of steel required. In some 
cases the plan pursued by the gunsmiths may be em- 
ployed with convenience. The article is inserted in 
a sheet iron case amid bone dust, often not burned \ 
the lid of the box is tied on with wire, and the joint 
luted with clay ; the box is heated to redness as 
X. L 2 
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quickly as possible and kept balf an hour at a uniform 
heat : its contents are then suddenly immersed in cold 
water. The more unwieldy portions of an engine may 
be case hardened by prussiate of potash — a salt made 
from anim«al substances, composed of two atoms of 
carbon and one of nitrogen, and which operates on 
the same principle as the charcoal. The iron is heated 
in the fire to a dull red heat, and the salt is either 
sprinkled upon it or rubbed on in a lump, or the iron 
is rubbed in the salt in powder. The iron is then re- 
turned to the fire for a few minutes, and finally im- 
mersed in wattir. By some persons the salt is sup- 
posed to act unequally, as if there were greasy spots 
upon the iron which the salt refused to touch, and the 
effect under any circumstances is exceedingly super- 
ficial ; nevertheless, upon all parts not exposed to 
wear, a sufficient coating of steel may be obtained by 
this process, 

715. Q. — What kind of iron is most suitable for 
the working parts of an engine ? 

A. — In the malleable iron work of engines scrap 
iron has long been used, and considered preferable to 
other kinds ; but if the parts are to be case hardened, 
as is now the usual practice, the use of scrap iron is 
to be reprehended, as it is almost sure to make the 
parts twist in the case hardening process. In case 
hardening, iron absorbs carbon, which causes it to 
swell ; and as some kinds of iron have a greater capa- 
city for carbon than other kinds, in case hardening 
they will swell more, and any such unequal enlarge- 
ment in the constituent portions of a piece of iron will 
cause it to change its figure. In some cases, case 
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hardenin'^ Las caused sucli a twisting of the parts of 
an engine, that they could not afterwards be fitted 
together ; it is preferable, therefore, to make such 
parts as are to be case hardened to any considerable 
depth of Lowmoor, Bowling, or Indian iron, which 
being homogeneous will absorb carbon equally, and 
will not twist. 

716. Q. — What is the composition of the brass 
used for engine bearings ? 

A. — The brass bearings of an engine are composed 
principally of copper and tin. A very good brass for 
steam engine bearings consists of old copper 112 lbs., 
tin 12^- lbs., zinc 2 or 3 oz. ; and if new tile copper be 
used, there should be 13 lbs. of tin instead of 12^ lbs. 
A tough brass for engine work consists of 1|- lb. tin, 
l?ylb. zinc, and 10 lbs. copper; a brass for heavy 
bearings, 2J oz. tin, ^oz. zinc, and I lb. copper. Therti 
is a great difference in the length of time brasses 
wear, as made by different manufacturers ; but the 
difference arises as much from a different quantity of 
surface, as from a varying composition of the metal. 
Brasses should always be made strong and thick, as 
when thin they collapse upon the bearing and increase 
the friction and the wear. 

717. Q. — How is Babbitt’s metal for lining the 
bushes of machinery compounded ? 

A. — Babbitt’s patent lining metal for bushes has 
been largely employed in the bushes of locomotive 
axles and other machinery : it is composed of 1 lb. of 
copper, 1 lb. regulus of antimony, and 10 lbs. of tin, 
or other similar proportions, the presence of tin being 
the only material condition. The copper is fir.st 
L L 3 
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melted, then the antimony is added, with a small por- 
tion of tin — charcoal being strewed over the surface 
of the metal in the crucible to prevent oxidation. 
The bush or article to be lined, having been cast with 
a recess for the soft metal, is to be fitted to an iron 
mould, formed of the shape and size of the bearing or 
journal, allowing a little in size for the shrinkage. 
Drill a hole for the reception of the soft metal, say ^ 
to f inch diameter, wash the parts not to be tinned 
with a clay wash to prevent the adhesion of the tin, 
wet the part to be tinned with alcohol, and sprinkle 
fine sal-ammoniac upon it ; heat the article until fumes 
arise from the ammonia, and immerse it in a kettle of 
Banca tin, care being taken to prevent oxidation. 
When sufficiently tinned, the bush should be soaked 
in water, to take off any particles of ammonia that 
may remain upon it, as the ammonia would cause the 
metal to blow. Wash with pipe clay, and dry ; then 
heat the bush to the melting point of tin, wipe it clean, 
and pour in the metal, giving it sufficient head as it 
cools ; the bush should then be scoured with fine sand, 
to take off any dirt that may remain upon it, and it is 
then fit for use. This metal wears for a longer time 
than ordinary gun metal, and its use is attended with 
very little friction. If the bearing heats, however, 
from the stopping of the oil hole or otherwise, the 
metal will be melted out. A metallic grease, con- 
taining particles of tin in the state of an impalpable 
powder, would probably be preferable to the lining of 
metal just described. 

718. Q, — Can you state the composition of any 
other alloys that are used in engine work ? 
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A, — The ordinary range of good yellow brass that 
files and turns well, is about 4| to 9 ounces of zinc to 
the pound of copper. Flanges to stand brazing may 
be made of copper 1 lb., zinc J oz., lead f oz. Brazing 
solders when stated in the order of their hardness 
arc : — three parts copper and one part zinc (very 
hard), eight parts brass and one part zinc (hard), six 
parts brass, one part tin, and one part zinc (soft) ; a 
very common solder for iron, copper, and brass, con- 
sists of nearly equal parts of copper and zinc. Muntz’s 
metal consists of forty parts zinc and sixty of copper ; 
any proportions between the extremes of fifty parts of 
zinc and fifty parts copper, and thirty-seven zinc and 
sixty-three copper, will roll and work at a red heat, 
but forty zinc to sixty copper are the proportions pre- 
ferred. Bell metal, such as is used for large bells, 
consists of 4^ ounces to 5 ounces of tin to the pound of 
copper ; speculum metal consists of from ounces to 
ounces of tin to the pound of copper. 


ERECTION OP ENGINES- 

719. Q. — Will you explain the operation of erect- 
ing a pair of side lever engines in the workshop ? 

A. — In beginning the erection of side lever marine 
engines in the workshop, the first step is to level the 
bed plate lengthways and across, and strike a line up 
the centre, as near as possible in the middle, which 
indent with a chisel in various places, so that it may 
at any time be easily found again. Strike another 
line at right angles with this, either at the cylinder or 
crank centre, by drawing a perpendicular in the usual 

I. JL4 
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manner. Lay the other sole plate alongside at the 
right distance, and strike a line at the cylinder or 
crank centre of it also, shifting either sole plate a 
little endways until these two transverse lines come 
into the same line, which may be ascertained by ap- 
plying a straight edge across the two sole plates. 
Strike the rest of the centres across, and drive a pin 
into each corner of each sole plate, which file down 
level, so as to serve for points of reference at any 
future stage; next, try the cylinder, or plumb it on 
tlie inside roughly, and see how it is for height, in 
order to ascertain whether much will be required to 
be chipped off the bottom, or whether more requires 
to be chipped off the one side than the other. Chip 
the cylinder bottom fair ; set it in its place, plumb the 
cylinder very carefully with a straight edge and silk 
thready and scribe it so as to bring the cylinder mouth 
to the right height, then chip the sole plate to suit 
that height. The cylinder must then be tried on 
again, and the parts filed vrherever they bear hard, 
until the whole surface is well fitted. Next, chip the 
place for the framing ; set up the framing, and scribe 
the horizontal part of the jaw with the scriber used 
for the bottom of the cylinder, the upright part being 
set to suit the shaft centres, and the angular fiange of 
cylinder, where the stay is attached, having been pre- 
viously chipped plumb and level. The stake wedges 
with which the framing is set up preparatorily to the 
operation of scribing, must be set so as to support 
equally the superincumbent weight, else the framing 
will spring from resting unequally, and it will be alto- 
gether impossible to fit it well. These directions ob- 
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viously refer exclusively to the old description of side 
lever engine with cast iron framing ; but there is more 
art in erecting an engine of that kind with accuracy, 
than in erecting one of the direct action engines, where 
it is chiefly turned or bored surfaces that have to be 
dealt with. 

720, Q . — How do you lay out the positions of the 
centres of a side lever engine ? 

A, — In fixing the positions of the centres in side 
lever engines, it appears to be the most convenient 
way to begin with the main centre. The height of 
the centre of the cross head at half stroke above the 
plane of the main centre is fixed by the drawing of 
the engine, which gives the distance from the centre 
of cross head at half stroke to the flange of the cylin- 
der ; and from thence it is easy to find the perpen- 
dicular distance from the cylinder flange to the plane 
of the main centre, merely by putting a straight edge 
along level, from the position of the main centre to 
the cylinder, and measuring from the cylinder flange 
down to it, raising or lowering the straight edge until 
it rests at the proper measurement. Tlie main centre 
is in that plane, and the fore and aft position is to be 
found by plumbing up from the centre line on the sole 
plate. To find the paddle shaft centre, plumb up from 
the centre line marked on the edge of the sole plate, 
and on this line lay ofl* from the plane of the main 
centre the length of the connecting rod, if that length 
be already fixed, or otherwise the height fixed in the 
drawing of the paddle shaft above the main centre. 
To fix the centre for the parallel motion shaft, when 
the parallel bars are connected with the cross head, 
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lay off from the plane of main centre the length of tlie 
parallel bar from the centre of the cylinder, deduct 
the length of the radius crank, and plumb up the cen- 
tral line of motion shaft ; lay off on this line, measur- 
ing from the plane of main centre, the length of the 
side rod ; this gives the centre of parallel motion shaft 
when the radius bars join the cross head, as is the 
preferable practice where parallel motions are used. 
The length of the connecting rod is the distance from 
the centre of the beam when level, or the plane of the 
main centre, to the centre of the paddle shaft. The 
length of the side rods is the distance from the centre 
line of the beam when level, to the centre of the cross 
head when the piston is at half stroke. The length 
of the radius rods of the parallel motion is the distance 
from the point of attachment on the cross head or side 
rod, when the piston is at half stroke, to the extremity 
of the radius crank when the crank is horizontal ; or 
in engines with the parallel motion attached to the 
cross head, it is the distance from the centre of the 
pin of the radius crank when horizontal to the centre 
of the cylinder. Having fixed the centre of the pa- 
rallel motion shaft in the maimer just described, it 
only remains to put the parts together when the mo- 
tion is attached to the cross head ; but when the motion 
is attached to the side rod, the end of the parallel bar 
must not move in a perpendicular line, but in an arc, 
the versed sine of which bears the same ratio to that 
of the side lever, that the distance from the top of the 
side rod to the point of attachment bears to the total 
length of the side rod. 
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721. Q. — How do you ascertain the accuracy of 
the parallel motion ? 

A. — The parallel motion when put in its place 
should be tested by raising and lowering the piston by 
means of the crane. First, set the beams level, and 
sliift in or out the motion shaft plummer blocks or 
bearings, until the piston rod is upright. Then move 
the piston to the two extremes of its motion. If at 
both ends the cross head is thrown too much out, the 
stud in the beam to which the motion side rod is at- 
tached is too far out, and must be shifted nearer to 
the main centre ; if at the extremities the cross head 
is thrown too far in, the stud in the beam is not out 
far enough. If the cross head be thrown in at the 
one end, and out equally at the other, the fault is in 
the motion side rod, which must be lengthened or 
shortened to remedy the defect. 

722, Q. — Will you describe the method pursued 
in erecting oscillating engines ? 

A. The columns here are of wrought iron, and in 
the case of small engines there is a template made of 
wood and sheet iron, in which the holes are set in the 
proper positions, by which the upper and lower frames 
are adjusted ; but in the case of large engines, the 
lioles are set off by means of trammels. The holes for 
the reception of the columns are cast in the frames, 
and are recessed out internally : the bosses encircling 
the holes are made quite level across, and made very 
true with a face plate, and the pillars which have been 
turned to a gauge are then inserted. The top frame 
is next put on, and must bear upon the collars of the 
columns so evenly, that one of the columns will not 
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be bound by it harder than another. If this point be 
not attained, the surfaces must be further scraped, 
until a perfect fit is established. The wliole of the 
bearings in the best oscillating engines are fitted by 
means of scraping, and on no other mode of fitting can 
the same reliance be placed for exactitude. 

723. Q. — How do you set out the trunnions of os- 
cillating engines, so that they shall be at right angles 
with the interior of the cylinder? 

A. — Having bored the cylinder, faced the flange, 
and bored out the hole through which the boring bar 
passes, put a piece of wood across the mouth of the 
cylinder, and jam it in, and put a similar piece in the 
hole through the bottom of the cylinder. Mark the 
centre of the cylinder upon each of these pieces, and 
put into the bore of each trunnion an iron plate, with 
a small indentation in the middle to receive the centre 
of a lathe, and adjusting screws to bring the centre 
into any required position. The cylinder must then 
be set in a lathe, and hung by the centres of the trun- 
nions, and a straight edge must be put across the 
cylinder mouth and levelled, so as to pass through the 
line in which the centre of the cylinder lies. Another 
similar straight edge, and similarly levelled, must be 
similarly placed across the cylinder bottom, so as to 
pass through the central line of the cylinder ; and the 
cylinder is then to be turned round in the trunnion 
centres — the straight edges remaining stationary, 
which will at once show whether the trunnions are in 
the same horizontal plane as the centre of the cylinder, 
and if not, the screws of the plates in the trunnions 
must be adjusted until the central point of the cylinder 
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just comes to the straight edge, whichever end of the 
cylinder is presented. To ascertain wliether the trun- 
nions stand in a transverse plane, parallel to the cylin- . 
der Ihinge, it is only necessary to measure down from 
the flange to each trunnion centre; and if both these 
conditions are satisfied, the position of the centres 
may be supposed to be right. Tlie trunnion bearings 
are then turned, and are fitted into blocks of wood, in 
which they run while the packing space is being turned 
out. Where many oscillating engines are made, a 
lathe with four centres is used, which makes the use 
of straight edges in setting out the trunnions super- 
fluous. 

724. Q. — Will you explain how the slide valve of 
a marine engine is set ? 

A , — Place the crank in the position corresponding 
to the end of the stroke, which can easily be done in 
the shop with a level, or plumb line ; but in a steam 
vessel another metliod becomes necessary. Draw the 
transverse centre line, answering to the centre line of 
the crank shaft, on the sole plate of the engine, or on 
the cylinder mouth if the engine be of the direct action 
kind ; describe a circle of the diameter of the crank 
pin upon the large eye of the crank, and mark off on 
either side of the transverse centre line a distance 
equal to the semi-diameter of the crank pin. From 
the point thus found, stretch a line to the edge of the 
circle described on the large eye of the crank, and 
bring round the crank shaft till the crank pin touches 
the stretched line ; the crank may thus be set at either 
end of its stroke. When the crank is thus placed at 
the end of the stroke, the valve must be adjusted so as 



526 


BOW TO SET THE LINK MOTION. 


to have the amount of lead, or opening on the steam 
side, which it is intended to give at the beginning of 
the stroke ; the eccentric must then be turned round 
upon the shaft until the notch in the eccentric rod 
comes opposite the pin on the valve lever, and falls 
into gear : mark upon the shaft the situation of the 
eccentric, and put on the catches in the usual waj. 
The same process must be repeated for going astern, 
shifting round the eccentric to the opposite side of the 
shaft, until the rod again falls into gear. In setting 
valves, regard must of course be had to the kind of 
engine, the arrangement of the levers, and the kind of 
valve employed ; and in any general instructions it is 
impossible to specify every modification in the proce- 
dure that circumstances may render advisable. 

725. Q . — Is a similar method of setting the valve 
adopted when the link motion is employed. 

A, — Each end of the link of the link motion has 
the kind of motion communicated to it that is due to 
the action of the particular eccentric with which that 
end is in connection. In that form of the link motion 
in which the link itself is moved up or down, there is 
a different amount of lead for each different position 
of the link, since to raise or lower the link is tanta- 
mount to turning the eccentric round on the shaft. In 
that form of the link motion in which the link itself is 
not raised or lowered, but is susceptible of a motion 
round a centre in the manner of a double ended lever, 
the lead continues uniform. In both forms of the link 
motion, as the stroke of the valve may be varied to 
any required extent while the lap is a constant quan- 
tity, the proportion of the lap relatively to the stroke 
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of the valve may also be varied to any required ex- 
tent, and the amount of the lap relatively with the 
stroke of the valve determines the amount of the ex- 
pansion. In setting the valve when fitted with the 
link motion, the mode of procedure is much the same 
as when it is moved by a simple eccentric. The first 
thing is to determine if the eccentric rods are of th(i 
proper length, and this is done by setting the valve at 
half stroke and turning round the eccentric, marking 
each extremity of the travel of the end of the rod. 
The valve attachment should be midway between 
these extremes; and if it is not so, it must be made so 
by lengthening or shortening the rod. The forward 
and backw'ard eccentric rods are to be adjusted in this 
way, and this being done, the engine is to be put to 
the end of the stroke, and the eccentric is to be turned 
round until the amount of lead has been given that is 
desired. The valve must be tried by turning the en- 
gine round to see that it is right at both centres, for 
going ahead and also for going astern. In some ex- 
amples of the link motion, one of the eccentric rods is 
made a little longer than the other, and the position of 
the point of suspension or point of support powerfully 
influences the action of the link in certain cases, espe- 
cially if the link and this point are not in the same 
vertical line. To reconcile all the conditions proper 
to the satisfactory operation of the valve in the con- 
struction of the link motion, is a problem requiring a 
good deal of attention and care for its satisfactory so- 
lution ; and to make sure that this result is attained, 
the engine must be turned round a sufficient number 
of times to enable us to ascertain if the valve occupies 



528 


now TO MANAGE MARINE BOILERS. 


the desired position, both at the top and bottom cen- 
tres, whether the engine is going ahead or astern. 
Tliis should also be tried with the starting handle in 
the different notches, or, in other words, with the 
sliding block in the slot or opening of the link in dif- 
ferent positions. 


MANAGEMENT OP MARINE BOILERS. 

726. Q. — You have already stated that the forma- 
tion of salt or scale in marine boilers is to be prevented 
by blowing out into the sea at frequent intervals a 
portion of the concentrated water. Will you now 
explain how the proper quantity of water to be blown 
out is determined ? 

A, — By means of the salinometer, which is an in- 
strument for determining the density of the water, 
constructed on the principle of the hydrometer for 
telling the strength of spirits. Some of the water is 
drawn off from the boiler from time to time, and the 
salinometer is immersed in it after it has been cooled. 
By the graduations of the salinometer the saltness of 
this water is at once discovered ; and if the saltness 
exceeds 8 ounces of salt in the gallon, more water 
should be blown out of the boiler to be replenished 
with fresher water from the sea, until the prescribed 
limit of freshness is attained. Should the salinometer 
be accidentally broken, a temporary one may be con- 
structed of a phial weighted with a few grains of shot 
or other convenient weight. The weighted phial is 
jirst to be floated in fresh water, and its line of floata- 
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tion marked ; then to be floated in salt water, and its 
line of floatation marked ; and another mark of an 
equal height above the salt water mark will be the 
blow otf point. 

V27. Q. — How often should boilers be blown off in 
order to keep them free from incrustation ? 

A , — Flue boilers generally require to be blown 
ofl' about twice every watch, or about twice in tlie 
four hours ; but tubular boilers may require to be 
blown off once every twenty minutes, and such an 
amount of blowing off should in every case be adopted, 
as will effectually prevent any injurious amount of in- 
crustation. 

728. Q. — In the event of scale accumulating on the 
flues of a boiler, what is the best way of removing it ? 

A. — If the boilers require to be scaled, the best 
method of performing the operation appears to be the 
following: — Lay a train of shavings along the flues, 
open the safety valve to prevent the existence of any 
pressure within the boiler, and light the train of 
shavings, which, by expanding rapidly the metal of 
the flues, while the scale, from its imperfect conduct- 
ing power, can only expand slowly, will crack off the 
scale ; by washing down the flues with a hose, the 
scale will be carried to the bottom of the boiler, or 
issue, with the water, from the mud -hole doors. This 
method of scaling must be practised only by the en- 
gineer himself, and must not be entrusted to the fire- 
men, who, in their ignorance, might damage the boiler 
by overheating the plates. It is only where the in- 
crustation upon the flues is considerable that this 
method of removing it need be practised ; in partial 
M U 
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cases the scale may he chipped off by a hatchet-faced 
hammer, and the flues may then be washed down with 
the hose in the manner before described. 

729. Q. — ^^Should the steam be let out of the boiler, 
after it has blown out the water, when the engine is 
stopped ? 

A. — No; it is better to retain the steam in the 
boiler, as the heat and moisture it occasions softens 
any scale adhering to the boiler, and causes it to peel 
off. Care must, however, be taken not to form a 
vacuum in the boiler ; and the gauge cocks, if opened, 
will prevent this. 

730. Q. — Are tubular boilers liable to the forma- 
tion of scale* in certain places, though generally free 
from it ? 

A , — In tubular boilers a good deal of care is re- 
quired to prevent the ends of the tubes next the 
furnace from becoming coated with scale. Even when 
the boiler is tolerably clean in other places the scab 
will collect here ; and in many cases where the amount 
of blowing off previously found to suflice for flue 
boilers has been adopted, an incrustation five-eighths 
of an inch in thickness has formed in twelve months 
round the furnace ends of the tubes, and the stony 
husks enveloping them have actually grown together 
in some parts so as totally to exclude the water. 

731. Q.— -When a tubular boiler gets incrusted in 
the manner you have described, what is the best course 
to be adopted for the removal of the scale ? 

A , — When a boiler gets into this state the whole of 
the tubes must be pulled out, which may be done by a 
Spanish windlass combined with a pair of blocks ; and 
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tliree men, when thus provided, will be able to draw 
out from 50 to 70 tubes per day, — those tubes witli 
the thickest and firmest incrustations being, of course, 
the most difficult to remove. The act of drawing out 
the tubes removes the incrustation ; but the tubes 
should afterwards be scraped by drawing them back- 
wards and forwards between two old files, fixed in a 
vice, in the form of the letter V. The ends of the 
tubes should then be heated and dressed with the 
hammer, and plunged while at a blood heat into a bed 
of sawdust to make them cool soft, so that they may 
be riveted again with facility. A few of the tubes 
will be so far damaged at the ends by the act of draw- 
ing them out, as to be too short for reinsertion ; this 
result might be to a considerable extent o1>viated by 
setting the tube plates at different angles, so that the 
several horizontal rows of tubes would not be origi- 
nally of the same length, and the damaged tubes of the 
long rows would serve to replace the short ones ; but 
the practice would be attended with other incon- 
veniences. 

732. Q - — Is there no other means of keeping 
boilers free from scale than by blowing off? 

A — Muriatic acid, or muriate of ammonia, com- 
monly called sal-ammoniac, introduced into a boiler, 
prevents scale to a great extent; but it is liable to 
corrode the boiler internally, and also to damage the 
engine, by being carried over with the steam ; and the 
use of such intermixtures does not appear to be neces-^ 
sary, if blowing off from the surface of the water is 
largely practised. In old boilers, however, already 

MM 2 
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incrusted witli scale, the use of muriate of ammonia 
may sometimes be advantageous. 

733. Q Are not the tubes of tubular boilers 

liable to be choked up by deposits of soot ? 

A. — The soot which collects in the inside of the 
tubes of tubular boilers is removed by means of a 
brush, like a large bottle brush ; and the carbonaceous 
scale, which remains adhering to the interior of the 
tubes, is removed by a circular scraper. Ferules in 
the tubes interfere with the action of this scraper, and 
in the case of iron tubes ferules are now generally dis- 
carded ; but it will sometimes be necessary to use 
ferules for iron tubes, where the tubes have been 
drawn and reinserted, as it may be difficult to refix 
the tubes without such an auxiliary. Tubes one-tenth 
of an inch in thickness are too thin : one-eighth of 
an inch is a better thickness, and such tubes will 
better dispense with the use of ferules, and will not so 
soon wear into holes. 

734. Q. — If the furnace or flue of a boiler be in- 
jured, how do you proceed to repair it ? 

A . — If from any imperfection in the roof of a 
furnace or flue a patch requires to be put upon it, it 
will be better to let the patch be applied upon the 
upper, rather than upon the lower, surface of the 
plate ; as if applied within the furnace a recess will 
be formed for the lodgement of deposit, which will 
prevent the rapid transmission of the heat in that 
part; and the iron will be very liable to bo again 
burned away. A crack in a plate may be closed by 
boring holes in the direction of the crack, and insert- 
ing rivets with large heads, so as to cover up the im- 
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perfection If the top of the furnace be bent down, 
from the boiler having been accidentally allowed to 
get short of water, it may be set up again by a screw 
jack, — a fire of wood haring been previously made 
beneath the injured plate ; but it will in general be 
nearly as expeditious a course to remove the plate and 
introduce a new one, and the result will be more 
satisfactory. 

735. Q . — In the case of the chimney being carried 
away by shot or otherwise, what course would you 
pursue ? 

A , — In some cases of collision, the funnel is carried 
away and lost overboard, and such cases are among the 
most difiicult for which a remedy can he sought. If 
flame come out of the chimney when the funnel is 
knocked away, so as to incur the risk of setting the 
ship on fire, the uptake of the boiler must be covered 
over with an iron plate, or be suflUciently covered to 
prevent such injury. A temporary chimney must 
then be made of such materials as are on board the 
ship. If there are bricks and clay or lime on board, 
a square chimney may be built with them, or, if there 
be sheet iron plates on board, a square chimney may 
be constructed of them. In the absence of such mate- 
rials, the awning stanchions may be set up round the 
chimney, and chain rove in through among them in 
the manner of wicker work, so as to make an iron 
wicker chimney, which may then be plastered outside 
with wet ashes mixed with clay, flour, or any other 
material that will give the ashes cohesion. War 
steamers should carry short spare funnels, which may 
easily be set up should the original funnel be shot 
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away ; and if a jet of steam be let into the chimney, a 
very short and small funnel will suffice for the purpose 
of draught.' 


MANAGEMENT OF MARINE ENGINES. 

736. Q, — What are the most important of the 
points which suggest themselves to you in connection 
with the management of marine engines ? 

A, — The attendants upon engines should prepare 
themselves for any casualty that may arise, by con- 
sidering possible cases of derangement, and deciding 
in what way they would act should certain accidents 
occur. The course to be pursued must have reference 
to particular engines, and no general rules can there- 
fore be given ; but every marine engineer shcmld be 
prepared with the measures to be pursued in the 
emergencies in which he may be called upon to act, 
and where everything may depend upon his energy 
and decision. 

737. Q. — What is the first point of a marine 
engineer’s duty? 

A, — The safe custody of the boiler. He must 
see that the feed is maintained, being neither too high 
nor too low, and that blowing out the supersalted 
water is practised sufficiently. The saltness of the 
water at every half hour should be entered in the log- 
book, together with the pressure of steam, number of 
revolutions of the engine, and any other particulars 
which have to be recorded. The economical use of 
the fuel is another matter which should receive 
particnlar attention. If the coal is very small, it 
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should be wetted before being put on the fire. Next 
to the safety of the boiler, the bearings of the engine 
are the most important consideration. These points, 
indeed, constitute the main parts of the duty of an 
engineer, supposing no accident to the machinery to 
have taken place. 

738. Q, — If the eccentric catches or hoops were 
disabled, how would you work the valve ? 

A, — If the eccentric catches or hoops break or 
come off, and the damage cannot readily be repaired, 
the valve may be worked by attaching the end of the 
starting handle to any convenient part of the other 
engine, or to some part in connection with the connect- 
ing rod of the same engine. In side lever engines, 
with the starting bar hanging from the top of the 
diagonal stay, as is a very common arrangement, the 
valve might be wrought by leading a rope from the 
side lever of the other engine through blocks, so as to 
give a horizontal pull to the hanging starting bar, and 
the bar could be brought back by a weight. Another 
plan would be, to lash a piece of wood to the cross tail 
butt of the damaged engine, so as to obtain a sufficient 
throw for working the valve, and then to lead a piece 
of wood or iron, from a suitable point in the piece of 
wood attached to the cross tail, to the starting handle, 
whereby the valve would receive its proper motion. 
In oscillating engines it is easy to give the required 
motion to the valve, by deriving it from the oscillation 
of the cylinder. 

739. Q. — What would you do if a crank pin 
broke ? 

A , — If the crank pin breaks in a paddle vessel 
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with two engines, the other engine must be made to 
work one wheel. In a screw vessel the same course 
may be pursued, provided the broken crank is not the 
one through which the force of the other engine is 
communicated to the screw. In such a case the vessel 
will be as much disabled as if she broke the screw 
shaft or screw. 

740. Q. — Will the unbroken engine, in the case of 
disarrangement of one of the two engines of a screw or 
paddle vessel, be able of itself to turn the centre ? 

A, — It will sometimes happen, when there is much 
lead upon the slide valve, that the single engine, on 
being started, cannot be got to turn the centre if there 
be a strong opposing wind and sea ; the piston going 
up to near the end of the stroke, and then coming 
down again without the crank being able to turn the 
centre. In such cases, it will be necessary to turn the 
vessels head sufficiently from the wind to enable some 
sail to be set ; and if once there is weigh got upon the 
vessel the engine will begin to work properly, and 
will continue to do so though the vessel be put head 
to wind as before. 

741. Q. — What should be done if a crack shows 
itself in any of the shafts or cranks ? 

A. — If the shafts or cranks crack, the engine may 
nevertheless be worked with moderate pressure to 
bring the vessel into port ; but if the crack be very 
bad, it will be expedient to fit strong blocks of wood 
under the ends of the side levers, or other suitable 
part, to prevent the cylinder bottom or cover from 
being knocked out, should the damaged part give 
way. The same remark is applicable when flaws are 
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discovered in any of the main parts of the engine, 
whether they be malleable or cast iron ; but they must 
be carefully watched, so that the engines may be 
stopped if the crack is extending further. Should 
fracture occur, the first thing obviously to be done is 
to throw the engines out of gear ; and should there be 
much weigh on the vessel, the steam should at once 
be thrown on the reverse side of the piston, so as to 
counteract the pressure of the paddle wheel. 

742. Q. — Have you any information to oifer rela- 
tive to the lubrication of engine bearings ? 

A. — A very useful speeies of oil cup is now 
employed in a number of steam vessels, and which, it 
is said, accomplishes a considerable saving of oil, at 
the same time that it more effectually lubricates the 
bearings. A ratchet wheel is fixed upon a little shaft 
which passes through the side of the oil cup, and is 
put into slow revolution by a pendulum attached to 
its outside, and in revolving it lifts up little buckets 
of oil and empties them down a funnel upon the 
centre of the bearing. Instead of buckets a few short 
pieces of wire are sometimes hung on the internal 
revolving wheel, the drops of oil which adhere on 
rising from the liquid being deposited upon a high 
part set upon the funnel, and which, in their revolu- 
tion, the hanging wires touch. By this plan, how- 
ever, the oil is not well supplied at slow speeds, as 
the drops fall before the wires are in the proper 
position for feeding the journal. Another lubricator 
consists of a cock or plug inserted in the neck of the 
oil cup, and set in revolution by a pendulum and 
ratchet wheel, or any other means. There is a small 
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cavity in one side of the plug which is filled with oil 
when that side is uppermost, and delivers the oil 
through the bottom pipe when it comes opposite to it. 

743. Q — What are the prevailing causes of the 
heating of bearings ? 

A, — Bad fitting, deficient surface, and too tight 
screwing down. Sometimes the oil hole will choke, 
or the syphon wick for conducting the oil from the 
oil cup into the central pipe leading to the bearing 
will become clogged with mucilage from the oil. In 
some cases bearings heat from the existence of a 
cruciform groove on the top brass for the distribution 
of the oil, the effect of which is to leave the top of the 
bearings dry. In the case of revolving journals the 
plan for cutting a cruciform channel for the distribu- 
tion of the oil does not do much damage ; but in 
other cases, as in beam journals, for instance, it is 
most injurious, and the brasses cannot wear well 
wherever the plan is pursued. The right way is to 
make a horizontal groove along the brass where it 
meets the upper surface of the bearing, so that the 
oil may be all deposited on the highest point of the 
journal, leaving the force of gravity to send it down- 
wards. This channel should, of course, stop short a 
small distance from each flange of the brass, other- 
wise the oil would run out at the ends. 

744. Q. — If a bearing heats, what is to be done ? 

A, — The first thing is to relax the screws, slow or 

stop the engine, and cool the bearing with water, and 
if it is very hot, then hot water may be first employed 
to cool it, and then cold. Oil with sulphur inter- 
mingled is then to be administered, and as the parts 
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cool down, the screws may be again cautiously 
tightened, so as to take any jump off the engine from 
the bearing being too slack. The bearings of direct 
acting screw engines require constant watching, as, if 
there be any disposition to heat manifested by them, 
they will probably heat with great rapidity from the 
high velocity at which the engines work. Every 
bearing of a direct acting screw engine should have a 
cock of water laid on to it, which may be immediately 
opened wide should heating occur; and it is advisable to 
work the engine constantly, partly with water, and’partly 
with oil applied to the bearings. The water and oil 
are mixed by the friction into a species of soap, which 
both cools and lubricates, and less oil moreover is 
used than if water were not employed. It is proper 
to turn off the water some time before the engine is 
stopped, so as to prevent the rusting of the bearings. 


MANAGEMENT OP LOCOMOTIVES, 

745. Q. — What are the chief duties of the engine 
driver of a locomotive ? 

A. — His first duties are those which concern the 
safety of the train ; his next those which concern the 
safety and right management of the engine and boiler. 
The engine driver’s first solicitude should be relative 
to the observation and right interpretation of the 
signals ; and it is only after these demands upon his 
attention have been satisfied, that he can look to the 
state of his engine. 
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746. Q, — As regards the engine and boiler, what 
should his main duties be ? 

A. — The engineer of a locomotive should con- 
stantly be upon the foot board of the engine, so that 
the regulator, the whistle, or the reversing handle 
may be used instantly, if necessary ; he must see that 
the level of the water in the boiler is duly main- 
tained, and that the steam is kept at a uniform 
pressure. In feeding the boilers with water, and the 
furnaces with fuel, a good deal of care and some tact 
is necessary, as irregularity in the production of 
steam will often occasion priming, even though the 
water be maintained at a uniform level ; and an 
excess of water will of itself occasion priming, while 
a deficiency is a source of obvious danger. The 
engine is generally furnished with three gauge cocks, 
and water should always come out of the second 
gauge cock, and steam out of the top one when the 
engine is running : but when the engine is at rest, 
the water in the boiler is lower than when in motion, 
so that when the engine is at rest, the water will be 
high enough if it just reaches to the middle gauge 
cock. In all boilers which generate steam rapidly, 
the volume of the water is increased by tlie mingled 
steam, and in feeding with cold water the level at 
first falls ; but it rises on opening the safety valve, 
which causes the steam in the water to swell to a 
larger volume. In locomotive boilers, the rise of the 
water level due to the rapid generation of steam is 
termed false water.” To economise fuel, the vari- 
able expansion gear, if the engine has one, should be 
adjusted to the load, and the blast pipe should be 
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worked with the least possible contraction ; and at 
stations the damper should be closed to prevent the 
dissipation* of heat. 

747. Q. — In starting from a station, what pre- 
cautions should be observed with respect to the feed ? 

A , — In starting from a station, and also in ascend- 
ing inclined planes, the feed water is generally shut 
off ; and therefore before stopping or ascending in- 
clined planes, the boiler should be well filled up with 
water. In descending inclined planes an extra supply 
of water may be introduced into the boiler, and the 
fire may be fed, as there is at such times a super- 
fluity of steam. In descending inclined planes the 
regulator must be partially closed, and it should be 
entirely closed if the plane be very steep. The same 
precaution should be observed in the case of curves, 
or rough places on the line, and in passing over points 
or crossings. 

748. Q. — In approaching a station how should 
the supply of water and fuel be regulated ? 

A, — The boiler should be well filled with water on 
approaching a station, as there is then steam to spare, 
and additional water cannot be conveniently supplied 
when the engine is stationary. The furnace should 
be fed with small quantities of fuel at a time, and the 
feed should be turned off just before a fresh supply of 
fuel is introduced. The regulator may, at the same 
time, be partially closed ; and if the blast pipe be a 
variable one, it will be expedient to open it widely 
while the fuel is being introduced, to check the rush 
of air in through the furnace door, and then to 
contract it very much so soon as the furnace door is 
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closed, in order to recover the fire quickly. The 
proper thickness of coke upon the grate depends upon 
tlie intensity of the draught ; but in heavily loaded 
engines it is usually kept up to the bottom of the fire 
door. Care, however, must be taken that the coke 
does not reach up to the bottom row of tubes so as to 
choke them up. The fuel is usually disposed on the 
grate like a vault ; and if the fire box be a square 
one, it is heaped high in the corners, the better to 
maintain the combustion. 

749. Q. — How can you tell whether the feed 
pumps are operating properly ? 

A, — To ascertain whether the pumps are acting 
well, the pet cock must be turned, and if any of the 
valves stick they will sometimes be induced to act 
again by working with the pet cock open, or alter- 
nately open and shut. Should the defect arise from a 
leakage of steam into the pump, which prevents the 
pump from drawing, the pet cock remedies the evil 
by permitting the steam to escape. 

750. Q, — What precautions should be taken against 
priming in locomotives ? 

A. — Should priming occur from the water in the 
boiler being dirty, a portion of it may be blown out ; 
and should there be much boiling down through the 
glass gauge tube the stop cock may be partially closed. 
The water should be wholly blown out of locomotive 
boilers three times a- week, and at those times two 
mud-hole doors at opposite corners of the boiler should 
be opened, and the boiler be washed internally by 
means of a hose. If the boiler be habitually fed with 
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dirty water, the priming will be a constant source of 
trouble . 

751. Q. — What measures should the locomotive 
engineer take, to check the velocity of the train, on 
approaching a station where he has to stop ? 

A. — On approaching a station the regulator should 
be gradually closed, and it should be completely shut 
about half a mile from the station if the train be a 
very heavy one : the train may then be brought to 
rest by means of the breaks. Too much reliance, 
however, must not be put upon the breaks, as they 
sometimes give way, and in frosty weather are nearly 
inoperative. In cases of urgency the steam may be 
thrown upon the reverse side of the piston, but it is 
desirable to obviate this necessity as far as possible. 
At terminal stations the steam should be shut off 
earlier than at roadside stations, as a collision will 
take place at terminal stations if the train overshoots 
the place where it ought to stop. There should 
always be a good supply of water when the engine 
stops, but the fire may be suffered gradually to burn 
low towards the conclusion of the journey. 

752. Q. — What is the duty of an engine man on 
arriving at the end of his journey ? 

A. — So soon as the engine stops it should be 
wiped down, and be then carefully examined: the 
brasses should be tried, to see whether they are slack 
or have been heating ; and, by the application of a 
gauge, it should be ascertained occasionally whether 
the wheels are square on their axles, and whether the 
axles have end play, which should be prevented. The 
stuffing boxes must be tightened, and the valve gear 
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examined, and the eccentrics bo occasionally looked at 
to see that they have not shifted on their axles, though 
this defect will be generally intimated by the irregular 
beating of the engines. The tubes should also be 
examined and cleaned out, and the ashes emptied out 
of the smoke box through the small ash door at the 
end. If the engine be a six-wheeled one, with the 
driving wheels in the middle, it will be liable to pitch 
and oscillate if too much weight be thrown upon the 
driving wheels ; and where such faults are found to 
exist, the weight upon the driving w'heels should be 
diminished. The practice of blowing off the boiler 
by the steam, as is always done in marine boilers, 
should not be permitted as a general rule in loco- 
motive boilers, when the tubes are of brass and the 
lire box of copper ; but when the tubes and fire boxes 
are of iron, there will not be an equal risk of injury. 
Before starting on a journey, the engine man should 
take a summary glance beneath the engine — but 
before doing so he ought to assure himself that no 
other engine is coming up at the time. The regu- 
lator, when the engine is standing, should be closed 
and locked, and the eccentric rod be fixed out of gear, 
and the tender break screwed down ; the cocks of the 
oil vessels should at the same time be shut, but 
should all be opened a short time before the train 
starts. 

753. Q. — What should be done if a tube bursts in 
the boiler ? 

A, — When a tube bursts, a wooden or iron plug 
must be driven into each end of it, and if the water 
or steam be rushing out so fiercely that the exact 
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position of the imperfection cannot be discovered, it 
will be advisable to diminish the pressure by increas- 
ing the supply of feed water. Should the leak be so 
great that the level of the water in the boiler cannot 
be maintained, it will be expedient to drop the bars 
and quench the fire, so as to preserve the tubes and 
lire box from injury. 

754, Q. — If any of the working parts of a locomo- 
tive break or become deranged, what should be done ? 

A, — Should the piston rod or connecting rod 
break, or the cutters fall out or be clipped olF — as 
sometimes happens to the piston cutter when the 
engine is suddenly reversed upon a heavy train — the 
parts should be disconnected, if the connection cannot 
be restored, so as to enable one engine to work ; and 
of course the valve of the faulty engine must be kept 
closed. If one engine has not power enough to enable 
the train to proceed with the blast pipe full open, the 
engine may perhaps be able to take on a part of the 
carriages, or it may run on by itself to fetch assist- 
ance. The same course must be pursued if any of the 
valve gearing becomes deranged, and the defects 
cannot be rectified upon the spot. 

756. Q. — What are the most usual causes of rail- 
way collisions ? 

A. — Probably fogs and inexactness in the time kept 
by the trains. Collisions have sometimes occurred 
from carriages having been blown from a siding on to 
the rails by a high wind ; and the slippery state of the 
rails, or the fracture of a break, has sometimes occa* 
sioned collisions at terminal stations. Collision has 
also repeatedly taken place from one engine having 
N N 
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•overtaken another, from the failure of a tube in the 
first engine, or from some other slight disarrangement ; 
and collision has also taken place from the switches 
having been accidentally so left as to direct the train 
into a siding, instead of continuing it on the main 
line. Every train now carries fog signals, which are 
detonating packets, which are fixed upon the rails in 
advance or in the rear of a train which, whether from 
getting off the rails or otherwise, is stopped upon the 
line, and which are exploded by the wheels of any 
approaching train. 

756. Q. — What other duties of an engine-driver 
are there deserving attention ? 

A * — They are too various to be all enumerated here, 
and they also vary somewhat with the nature of the 
service. One rule, however, of universal application, 
is for the driver to look after matters himself, and not 
delegate to the stoker the duties which the person in 
charge of the engine should properly perform. Before 
leaving a station, the engine-driver should assure 
himself that he has the requisite supply of coke and 
'water. Besides the firing tools and rakes for clearing 
the tubes, he should have with him in the tender a set 
of signal lamps and torches, for tunnels and for night, 
detonating signals, screw keys, a small tank of oil, a 
small cask of tallow, and a small box of waste, a coal 
hammer, a chipping hammer, some wooden and iron 
plugs for the tubes, and an iron tube holder for in- 
serting them, one or two buckets, a screw jack, 
wooden and iron wedges, split wire for pins, spare 
cutters, some chisels and files, a pinch bar, oil cans 
and an oil syringe, a chain, some spare bolts, and some 
cord, spun yarn, and rope. 
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with moveable plates, 14 ; first con- 
structed tubular marine boiler, 14; 
patented surface condensers (or 
steam vessels with a high pressure 
of steam In 1838, 14; invented con- 
denser for feeding boiler with bod- 
ing water, 19, 29 ; first proposed com- 
binatioii of paddies and screw, 24; 

2 
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predicted abnndonment of geared 
engine8 for driving screw, 'iS ; urged 
the adoption of the form of direct 
acting engine now become gene- 
ral, ; first introduced the me> 
tijod of balancing the momentum of 
screw engines, 26 ; first introduced 
marine engine governors, 27 ; first 
introduced balancing valves by sta- 
tionary ring, 30 j contrived a form of 
link motion in 1836, 31 ; first intro- 
duced starting cylinders and starting 
valves, 33; first promulgated the ex- 
iting rules for the computation of 
tlie nominal power of engines, 39; 
first promulgated the doctrine that 
smoke should not be burned hut pre- 
vented, 53 ; forms of smokeless fur- 
nace by, 53 ; pointed out the correct 
r)rinriple on which ships should be 
modelled, 54; first promulgated the 
doctrine tliat the resistance of well- 
formed ships is ciiiefly produc<'d by 
friction, 54 : pointed out the advan- 
tages of twin screws in 1852, 57 ; re- 
heated the steam in double cylinder 
engines in 1859,85; first accomplished 
riveting by steam, 90. 

Iloydell’s traction engine, 193. 

Bray’s traction engine, 195. 

“ Brilliant,” screw yacht, engines of, by 
l>av He Co., 1 22. 

Broad gauge locomotives, 161. 

Butt & Co’.s steam fire engine, 228. 

Caird Sc Co., engines bv, 126. 

“Carnatic,” power ana performance of, 
52. 

Garrett, Marshall & Co’s, double 
cylinder engine, .59 ; engine and 
boiler combined, 61 ; vertical engine 
and boiler, 63 ; pumping engine And 
boiler, 64, 65 ; inverted engines, 6G ; 
other engines, 67, 70 to 77 ; steam 
hammer, 95. 

Centrifugal pump, Appoid’s, 78. 

Chaplin’s vertical engine, 86 ; steam 
winches and cranes, 88 

Chimney should not be carried through 
steam chest, 6. 

Chimney, sectional area of, per nominal 
horse power, 50; in different vessels, .52. 

Circulation of water in surface con- 
densers, 21. 

Clayton, Shuttleworth Sc Co.'s trac- 
tion engine, 207 : steam pump, 210. 

Coal more economical than zinc, 5. 

Coal -burning locomotives, 135. 

“Collingwood,” power and performance 
of, 40. 


Combination of paddles and screw pro- 
posed by Bourne in 1850, 24. 

Condensation of steam incident to the 
production of power, 7, 

Condenser, surface, by Bourne, in 1838, 
14. 

Condenser for feeding boilers with 
boiling water, by Bourne, *20. 

Condensing surface per nominal horse 
power in different vessels, .52. 

Condie’s steam hammer, 93. 
Conqueror,” power and performance 
of. 40. 

“Constance,” power and performance 
of, 40. 

Continuous expansion engine, by Ni- 
rhoifion, 85. 

Cornish boilers, 49. 

Corrosion, internal, of boilers, cause of 
pointed out by Bourne, 5. 

Corrosion, internal, of superheaters 
predicied by Bourne, 6 ; suggested 
remedy for internal corrosion, 6 ; oi 
boilers, IB; best mode of preventing, 
19. 

Cowcatcher of American locomotives, 
153. 

Cowpi?r’8 combined engines, 81 to 8.5. 

Cranes and winches worked by steam, 88 

Cudworth’s coal-burning locomotive, 
135. 

Day & Co., modern marine engines by, 
122 ; shears worked by steam by, 88. 

“ Defence,” power and performance of, 
40. 

D' fiance,” power and performance of, 
40. 

Delabarre’s steam jet, 106. 

“Delni,” power and performance of, 52. 

Details of modem locomotives, 177. 

Dewrance’s coal-burning locomotive, 
135. 

Diagrams, indicator, from screw yacht 
“ Brilliant,” 124 ; of Sband, Mason & 
Co.’s fire engine, 223. 

Donkey engine by Hawthorn, 71 ; by 
Carrett, Marshall & Co., 72, 73. 

Double cylinder engines, proper limits 
of, 22 ; compared with single, 58. 

Double screws, 57. 

“Duncan,” power and performance of, 
40. 

Dundonald, Earl of, boilers by, 48. 

Easton, Amos & Son, centrifugal pump 
by, 78 to 81 : steam fire engine by ,228. 

Eastern of france Railway, locomo- 
tives of tlie, 153. 

Eccentrics of locomotives, 186. 
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Economy of high temperature*, 4. 

Economy of fuel in steamer* very im- 
portant, li?. 

Electro-Magnetic engines less econo* 
mical than heat engines, 4. 

“Emerald,’^ power and performance of, 

40. 

Engerth locomotives, four and five 
coupled axles, 152. 

England & Co., mineral locomotive by, 

ItiO. 

Kmiivalent, mechanical, of heat, 3. 

“Euryalus,” power and performance of, 

40. 

ExpafiSinn of steam, 13. 

Expansion slide valves with moveable 
plates, first introduced by Bourne. 14 ; 
reproduced by Mayer and others, 14. 

Express passenger locomotives, 161, 
163, 174. 

Feeding boilers by Giffard’s injector, 

102 . 

Ferrabee, engine by, 67, 09. 

Fire engines worked by steam, 217 to 
228. 

Fletcher, Jennings & Co., mineral 
locomotives by, 189. 

Flues, boiler, sectional area of, per 
nominal horse power, 50 ; in different 
vessels, 52. 

Foreign goods locomotives, 143, 1.52. 

Fottr-cyli rider locomotives, 147, 152. 

Frictional gearing, 78. 

Friction of water on bottoms of ships, 
the main element of their resistance, 
65 j friction more at bow than at 
stern, 56 ; means of reducing friction 
and recovering power expended upon 
it, 66. 

Fuel, economy of fbel in steamers very 
important, 1.5. 

“ Galatea,” power and performance of, 

40. 

Galvanic battery an expensive source of 
power, 5. 

Galvanic action of surface condensers on 
boilers, 17 ; proposed remedy for, 18. 

Garrett & Son’s traction engine, 207 ; 
steam plough, 211. 

Gearing, frictional, 78, 

*• Gibraltar,” power and performance 
of. 40. 

Giffard's injector, 102. 

*' Glasgow,” power and performance of, 
40. 

Glasgow and South Western Railway, 
goods engines of, 172. 

Goods locomotives of foreign railways. 


143; with four cylinders, 147, 152 ; 
American, 1.52. 

Grate surface, per nominal horse power, 
50 ; in different vossefs, 52. 

Gray’s coal-burning locomotive, 13.5. 

Gray A Son’s steam fire engine, 228. 

” Great Britain ** locomotive, 161. 

“ Great Eastern,” superheater of, 1^, 

Great Northern Railway, coupled ex- 
press passenger engines of the, 176. 

Great Western Railway, express passen- 
ger engines on, 161. 

Guides of locomotives, 184. 

Hawthorn, R. & W., modern marine 
engines by, 130 ; donkey engines by, 
71 ; locomotives by, for the Glasgow 
and South Western; London, Dover, 
and Chatham ; Great Northern and 
Copiapo extension railways, 172 to 
175. 

Heat, mechanical equivalent of, 3. 

Heating surface, per nominal horse 
power, 50 ; in different boilers, 49 to 
51 ; in different vessels, 52. 

High temperatures, economy of, 4. 

High pressure of steam, advantages of, 
13. 

Holm, Engines of the Amphion ” and 
“Pomone,” designed by him, 11.5, 

Horse power, nominal and actual ex- 
plained, 38 ; varying ratios of, 38. 

Horse power, nominal, rule for finding 
first given by Bourne, 39 ; origin of 
Admiralty rule, ;j 9 ; new rule for 
screw engines, 39. 

Humphrys first introduced ring at bark 
of valve to take off pressure, 30. 

Humphrys & Tennant, modern ma- 
rine engines by, 125. 

“ Hydra,” steam boilers of, by Penn, 43. 

Ice locomotive, 191. 

Ice made by steam, 237. 

Incrustation of sulphate of lime in 
boilers, using salt water with higli 
pressure steam, 18 ; mode of prevent- 
ing, 19. 

Indicator diagrams from screw yaclit 
” Brilliant,” 124 ; of Shand, Mason & 
Co.’s fire engine, 223. 

Internal corrosion of boilers from gal- 
vanic action of surface condensers,! 7 ; 
proposed remedy for, 18, 19. 
iron Duke ” locomotive, 161. 

Jackets of cylinders, benefits of, 107. 

Jet, siippleiiien’ary, of water in surface, 
condensers, 17 ; advantage of, 21. 

Jet, steam, by Delabarre, 106. 
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** Ifcsnder,** power end performance of, 
,40. 

* power and performance of, 40. 
liignum -vite^ bearings, 37. 

Link motion, form of contrived by 
Bourne in 1830, 31 ; present form sub- 
sequently introduced by Stephenson, 
.31; link motion of locomotives, 185. 
"Liverpool,” power and performance of, 
40. 

Locomotive engines, 133; coal-burning, 
135; express passenger of English 
lines, 161, 163, 174 ; modern details 
of, 177 ; rainer.'il, 188 ; for goods on 
foreign railways, 143; with 4 cylin- 
ders, 147, 1 "'2; American,! -Vi. 
Locomotive for running on ice, 191. 
Locomotives for common roads, 192 to 
207. 

Locomotive axle boxes in America, 156, 
Locomotive wheels of cast iron, 156. 
London, Chatham, and Dover Jlailway, 
engines of, 172, 

London and Forth Western Railway, 
express passenger engines on, 163. 
Loss of power in stean. engines, 3. 
Lyons Railway, engines of the, 163. 

McConnell’s coal-burning locomotive, 
1.3.3. 

Manning, Wardle & Co., mineral loco- 
motive by, 189. 

Marine boilers, tubular, first made in 
1838 by Bourne, 13 ; present fornisof, 
43; proportions of. .30. 

Marble V)oUer» by Lamb& Summers, 4.3. 
Marine governors, first introdueed b/ 
Bourne, 27 ; Silver’s, 29 ; Porter’s. 20. 
Maudslay & Field, modern marine 
engines by, 117. ' 

Mayer, expansion valve by, 14. 

" Meance,” power and performance of, 
40. 

Mechanical equivalent of heat, 3. 
“Merryweather & Son’s steam fire engine 
224. 

Mill wall Iron Co., modern marine 
engines by, 129. 

Mineral locomotives, 188. 

Modern forms of screw engines, 25. 
Modern forms of boilers, 41. 


Napier & Sons, superheater of "OJeg” 
by, 8 ; boilers by, 41 ; modern marine 
engines by, 119, 121. 

Napier, David, boilers by, 48. 

Nasmyth’s steam liammer, 91. 

Neath Abbey Co., mineral locomotive 
by, 189. 

New River Waterworks, engines at, .38. 

Nichol's steam lire engine, 228. 

Nicholson’s continuous expansion 
engine, 85. 

Nominal and actual horse power, 38, 

Northern Railwav of France, locomo- 
tives on the, 143, 152. 

" Octavia,” power and performance of, 
40. 

" Oleg ** steamer, superheater of, 8. 

Orleans Railway, engines of the,l46, 152. 

"Oroiites,” power and performance of, 
40. 


Paddles and screw, combination of first 
proposed by Bourne, 24. 

Paris and Orleans Railway, locomotives 
on the, 140, 152. 

Penn first to-'k pressure off valves by 
equilibrium frame, 30 ; introduces 
wooden bearings for shafts, 37. 

Penn & Son, modern marine engines 
by, 113. 

Piston of engines carbonized by fallow, 
if high temperature rnainfained, 17. 

Pistons and piston rods of locomotives, 
181. 

Ploughing by steam, 211. 

“ Pomune,” engines of the, designed by 
Holm, 115. 

" VoonaVi,” power and performance of, 

I 5*2. 


Portable engine by Ransomos & Sims, 
•21.5. 


Porter’s m.trine governor, 29. 

Power of tnigines only one*tenth of 
theoretical effect, 3. 

Power, equivalent of, as boat, 3. 

Power, nominal and actual horse, 38, 

" Prhice ConsorJ;.”pow<ir and peiform- 
ance of, 40. 

“Princess Royal," power and perform- 
ance of, 40. 
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Proportions of boilers, 

Pumping engines at New River, 58. 

Ramsbottom’s locomotive, 165 ; mode 
of supplying water to tenders while 
running, 165. 

Kansomes & Sims* portable engines, 
21.5 ; boiler with removable furnace 
and tubes, 216. 

liavenhill, Snlkeld Sc Co., modern 
marine engines by, 115. 

“ Resistance, '* power and performance 
of, 40. 

Resistance of ships, present doctrines 
first promulgaied'by Bourne, 54. 

“ Revotige,” power and performance of, 
40. 

“ Rhone ” stefimer, engines of, 129. 
Rigby's steam hammer, 100. I 

“ Ripon,” steamer, boilers of, by Lamb 
Sc Summers, 46. 

“ Ripon, "power and performance of, .52. 
Riveting by steam first iutrcjduced by 
Rt»uru(!,H0; Fairbaini's machine, 01 : 

^ fiarforth's, 91. 

Iioads, common, locomotives for, I 92 
(0 207. 

Ri’berts' steam fire engine, 228, 

Riihey St Co’s, traction engine, 201. 
“RolCe Krake,” armour t»latcd steamer, 
by R.N.apier & Sons, 120, 

R'lwan’s expansive engine, i‘27. 

“ Oak," power and perlormancc 


Savory’s system of steam cuiture, 211. 
Stall! of sulphate of lime farmed in 
marine boilers by heat without erm- 
cenlratiou, 1« ; proper prcveniitive. 


'* Scotia,” engines of the, 119. 

Scott’s cement for coating corroded 
iron, 19. 

Screw and paddles, combination of, first 
propi'sed by Bourne, 24. 

Scri-w engines, modern forms of, 2'i ; 
momentum of, first balanced by 
Bourne, 26 ; principle on which bal- 
ance is effected, 27 i horizontal dirtict 
acting engines recommended by 
Bourne in 1852 have since become 
general, 26; new rule for nominal 
]>ower of, 39. 

dcrew propellers recover part of the 
power expended in moving vessels, 
511 ; double screws, 57 ; various iurmt 
of screws, 57. 

Shafts and shaft bearings, 35. 

Shand, Mason & Co’s, steam fire en- 
gine, 218. 


” Shannon,” power and performance 01 , 

40 . 

Sharp, Stewart & Co*«. coal-burning 
locomotive, 139. 

“Shearwater,** engine* of the, by Haw- 
thorn, 130. 

Shears for lifting heavy weights, by 
Day & Co., 88. 

Ships, proper form of. 6.5 ; resistance 
of, mainly due to friction, a* first 
pointed out by Bourne, 55. 

Single and double cylinder engines 
compared, .58. 

Silver’s marine governor, 29. 

Smeaton’s boilers, 49. 

Smoke-burning, .53. 

Srookf*. prevention of, by Bourne, 53. 

Soemmering incline, locomotives lor 
the, 149. 

Spark-catcher of American locomotivcK, 


Starting cylinders first Intrmluced by 
Bourne, 33: of “Ulster’’ and" Mun- 
ster,'* 33. 

Slariing valves introduced by Bourne 
In 1H,52, 3.5. 

Steam applied to work winches, cranes, 
and shears; 88. 

.Steam chest, benefit of carrying the 
elnmnoy clear of it first pointi d out 
by Bourne, 6. 

Steam is necessarily condensed in the 
prodtictiou of power unless super- 
heated, 7. 

Steam culture, 211. 

Steam fire engine, 217; by Shand, 
M.-iscm Co., 218 ; by Merryweatli/r 
5; Son, 224 ; by I- nston. Amos S*. Sr>n, 
228; by Butt & Co., 228; bv Roberts, 
228 ; by NichoLs, 228; by Gray d: 
Son, 228. » » 7 J 

Steam haaimers, 91 ; Nasmyth’s 9i ; 
Wilson’s, 91 ; Coiidio’s, 93; Oarreir, 
Marshall & Co.’s, 95; Tlnvailcs .V 
(;arl)utt’s, 97; Rigby’s, 1(0. 

Steam jackets, bevielits of, 107. 

Steam jet, Delabarre’s, 106. 

Steam power, ice made by, 237. 

Steam riveting first introduced by 
Bourne, 90 ; I'airbai rn’ s macli iue, 91; 
Gurfortii’s, 91. 

Steel siiafts, 86. 

.Sugar mill, 82. 

Sulphate of lime deposited in marine 
boilers by heat without concentration, 
18 ; mode of prevetiting, 19. 

‘‘ .Sultan," power and iierlbrm.ance of, 

•52. 


Superheaters, internal corrosion of, 
predicted by Bourne at their first 
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introduction, 5 ; proper surface for, 
13. 

Superheater of “ Oleg,” by Napier & 
Sons, 8 ; form of by Lamb & Sum- 
mers, 8 ; of Great Kastern, 12. 

Superheater by Beardmore, 43. 

Superheating the steam, 6 ; benefits of 
superheating pointed out bv Bourne 
in 1844 , 5 ; Buhsc^ptent exaggerated 
estimates of advantage, 6. 

Surface condensere, by Watt, 14 ; by 
Hall, 14 ; by Bourne in 1838, 14; 
proper proportions of, 16 ; import- 
ance of rapid circulation of water in, 
16 ; waste the boilers by galvanic 
action, 17. 

Surface of super- heaters, 13. 

“Sutherland,” steam fire engine, 229. 

“ Sutlej,” power and performance of, 40. 

“ Syria,” power and performance of, 52. 

Tallow, inconvenience of, in surface 
condensers from di.stilling over, 17 ; 
inconveniences of in hot cylinders 
from carbonizing the piston, 17. 

Tembrlnck’s coal-burning locomotive, 
135, 142. 

Temperatures, high, economy of, 4. 

Tenders, locomotive, mode of dtting 
while running, 165. 

Thermo-dynamics, 2. 

Thomson, David, pumping engines 
designed by, 59 ; double acting 
plunger pump invented by him, 219 ; 
Simpson’s annular engines designed 
by, 129. 

Thwaites Se Carbutt’s steam hammer, 
97. 


“ Torrent” steam Are engine, 233. 

Traction engines. Bourne’s (.Artizan), 
192; Boydell’s, 193; Bray’s, 19.5; 
.Aveling .St Porter’s, 196 ; Robey 
& Co.'s, 204; Garrett & Son’s, 207; 
Clayton, Shiitt1eworth& Co.’s, 207. 

Tubular marine boilers first con- 
structed in 1838 by Bourne, 13 ; pre- 
sent forms of, 43 ; proportions of in 
1844, .50 ; in 186.5, 51. 

Turin railway, locomotives of the, 153. 

Twin screws, 57. 

“Ulster”and “Munster,” details of. 111. 

“ Undaunted,” power and performance 
of, 40, 

Various forms of screw', 57 

“ Warrior,” power and performance of, 
40; engines of the, 114. 

Water, bodies of good shape moving in 
water resisted chiefly by friction, 5.5. 

Water works, engines for, .58. 

Water, mode of supplying to tenders 
while running, 165. 

Watt’s boilers, 49. 

Western of France Railw.ay, 1.53. 

Wilson’s steam hammer, 91. 

Winches and cranes worked by steam, 
88 « 

Wooden bearings, 37. 

Yarrow’s coal-buming locomotive, 13.5. 

Zinc a more expensive source of power 
than coal, 5. 
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Accidents in atcam ve8<«els, proper 
preparation for, r>34. 

Admiralty rule for horse power, 138. 
Adhesion of wheels of locomotives to 
rails, 331. 

Agricultural fixed engines, 47G: prices 
of, 492, 

Agricultural engines, portable, 435} 

f >rices of, 475. 

r, velocity of, entering a vacuum, 7 ; 
required for combustion of coal, 91 ; 
law of expansion of, by heat, 108. 
Air pump, description of, 58 ; action 
of, 60. 67 ; pToiier dimensions of, 
207. 

Air pump of marine engines, details 


\ir pump of oscillating engine, 414. 
Air pump of direct acting screw en- 
gines, 435. 440. 

Air pumps made both single and 
double acting, 208 ; diff'ereiice of, ex- 


plained, 208. 

Air pumps, double acting valves of, 
303 ; bad vacuum in, 306 ; causes 
and remedy, 307—309. 

Air pump rods, brass or copper, in 
marine engines, 299. 

Air pump bucket, valves of, 300, 301, 


302. 


Air pump, connecting rod and cross 
head of oscillating engine, 420. 

Air pump rod of oscillating engine, 
420. 

Air pump arm, 439 

Air vessels applieu to auction side of 
pumps, 215. 

“ Alma,’* engine of, by Messrs. John 
Bo.urnc and Co., 433. 

“ Ainphion,” engines of, 285. 

Angie iron in boilers, precautions re- 
specting, 234. 


Apparatus for raising screw propeller, 
320. 

Atmospheric valve, 48. 

Atmosiiheric resistance to railway 
trains, 332— 336. 

Auxiliary power, screw vessels with, 
405. 

Axle bearings of locomotives, 346. 

Axle guards, 449. 

Axles and wheels of modern locomo- 
tives, 450. 

** Azof,** slide valve of, 296. 

Babbitt’s metal, how to compound, 
517. 

Bach and Co.’s portable engine, 46S. 

Balance rdston to take pressure »fr 
slide vaWe, 437. 

Ball valves, 352. 

Barrel of boiler of modern locomo- 
tives, 447. 

Barrett, Exall, and Andrewes’ portable 
engine, 473; fixed engine, 481. 

Batley’s portable engine, 474. 

Beam', working of land engine, 54 ; 
main or working stiength proper 
for, 220. 

Beam engine by Tuxford, 482. 

Bearings of engines or other ma- 
chinery, rule for determining pro- 
per surface of, 31. 

Bearings, heating of, how to prevent 
or remedy, .538 ; journals should al- 
ways hottom, as if they grip on tiie 
sides tlie pressure is infinite. 

Beattie’s screw, 398. 

Belidor’s valves might he used for foot 
and delivery valves, 300. 

Bell-rnetal, composition of, 519. 

Benson’s vertical engine, 488. 

Blast pipe of locomotives, description 
of, 8. 
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Blast in locomotives, exhaustion pro- 
duced by, 174 ; proper construction 
of the blast pipe, 175 ; the blast pipe 
should be set below the root of the 
chimney so much that the cone of 
escaping steam shall just fill the 
chimney. 

Blast pipe with variable orifice, at one 
time much used, 177. 

Blow offcock of lo(M)motives, SfJfi. 

Blow off cocks of marine boilets, pn>- 
per construction of, 3B2. 

Blow oft* cocks, description of, 69. 

Blowing off* supersaltcd water from 
marine boilers, 7 • 

Blowing oft*, estimate of heat lost by, 
250 ; inotie of, 252. 529. 

Blow through valve, description <if, 
70. 

Blowing furnaces, power necessary for, 
504. 

Bodies, falling, laws of, 9. 

Bodmer, exiiausion valve by, 129. 

Boilers, general description of: the 
waggon boiler, 45; the Cornish 
boiler, CO ; the marine flue boiler, 
.51 ; the marine tubular lK>ilcr, 5;>; 
locomotive boiler— svr Lotmrnotivcs. 

Boilers, proportions oi": heating sur- 
face of, 158—160 ; lire grate, sur- 
face of, 160 ; coJisuniption of fuel on 
each square foot of fire bars in wag- 
gon, C-ornish, and locomotivehoilors, 
liiO ; calorimeter and vent of uoilers, 
16J ; comparison of proixirtions of 
waggon, flue, and tubular Ixiilers, 
162 — 10 . 0 ; evafxn-atit'e power of 
boilers, Hiy; power generated by 
cn-aporation of a cubic foot of water, 
J/O; proper proportions of modern 
marine boilers, both fiue and tubu- 
lar, 172 ; modern locomotive boilers, 
173; exhaustion produced by blast 
in locomotives, 174 ; increased eva- 
poration from increased exhaustion, 
176; strength of boilers, 189; ex- 
jieriments on, by Franklin Institute, 
190; by Mr. Fairbairn, 191; mixlc 
of computing strength of boilers, 191, 
192 ; staying of, 193 — 195. 

Boilers, marine, prevented from salt- 
ing by blowing off’, 7; early locomo- 
tive and conteinporaneous marine 
boilers compared, 178—180; chim- 
neys of land, 174. 180 ; rules for pro- 
portions of chimneys, Ibl; chiinueys 
<if marine boilers, 1,82. 

Boilers, constructive details of : rivet- 
ing and caulking of land boilers, 
i’32 t proving of, 232; scanis pajefi 


with mixture of whiting and lin- 
«!(X‘d oil, 232; sotting of waggon 
boilers, 2.‘>3; riveting of marine 
boilers. 233 ; precautions respecting 
angle iron, 234 ; how to punch the 
rivet holes and shear edges of plati's, 
234; setting of marine boilers in 
wooden vessels, 2^1.5 ; mastic cement 
for setting marine boilers, 235 ; coin- 
positioii of mastic cemi-nt, 233 ; best 
length of furnace, 233 ; coiifigura- 
tiou of furnace bars, 237 ; aii van- 
tages and construction of furnace 
bridges, 238; various forms of damp- 
ers, 239; precautions against injury 
to Vioilers from intense heat, 2-10 ; 
tuinng of boilers, 241 ; proper mode 
of staying tube plates, 24‘i : pioper 
nnule of constructing steam boat 
chimneys, 243 ; waste steam pipe and 
funnel casing, 244 ; telescope chim- 
neys, 245; formation of scale in 
marine boilers, 243 ; injury of such 
incrustations, 247 ; amount of salt 
in seawater, 248; saltnes.s permis- 
sible in boilers, 248 ; amount of iu at 
lost by blowing oft; 2.j() ; mixie of 
discharging the supersaltcd water, 
252; Lamb’s scale preventer, 25.3; 
internal corrosion of marine boilers, 
2.54; cau.ses of interna) corrfwion, 
2.53; surcharged steam produced 
fiom salt water, 2.57; stop vnlve.s 
between boilers, 258 ; safety or es- 
cape valve on feed pijie, 2tJ0 ; loco- 
motive boilers consist of the fire 
box, barrel for holding tubes, and 
smoke box, 231 ; dimeusiuns of the 
barrel and thickness of pl.ite.s, 2<>2 ; 
mode of .staying fire box and furnace 
crowni, 262, 26 J ; fire bars, ash box, 
and clumiioy, 264, steam dome U'^ed 
only in old engines, 26.5 ; manhole, 
muUhole.s, and blow oil' cock, 2(53 ; 
lube plate, and mode of securing 
tubes, 233; expanding mandrils, 
268 ; various forms of regulator, 
269, 270. 

Boilers of modern locomotives, 447. 

Boiler, the, proper care of, the tirst 
duty of the engineer, 534. 

Bolts, proper prciportions of, 329. 

Boring of cylinders, 508. 

Boulton and Watt, engines of “ City 
of Canterbury ” and “ Ked Kover,” 
by. (i7. 

Boulton and Watt’s rule.s for fiy 
wheel, 12; proportions of marine 
flue boilers, 160; rule for profuir- 
tious of chimneys of laud buik'fs, 
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182; of marine boilers, 182; ex- 
periments on the resistance of ves- 
sels in water, 363— 367. 

Bourdon’s steam and vacuum gauges, 
143. 

Bourne, expansion valves by, 129, 130. 
Bourne, Messrs. J. ar»d Co., direct act • 
ing screw engines by, 433. 

Bras.s for bearings, composition of, 
517. 

Brazing solders, 519. i 

Bridges in furnaces, benefits of, 238. 1 

Burning of boilers, precautions against, 
240. 

Burrell’s portable agricultural engine, 
472. 

Bursting velocity of fly wheel, 14 ; 

and of railway wheels, 15. 

Bursting of boil<?ra, 195 ; camos of, 
196 ; precautions against, 197 ; may 
be caused by accumulations of salt, 
200 . 

Butlin’s portable engine, 474. 
Butterfly valves of air pump, 300. 

Cabrey, expansion valve by, 127. 
Calorimeter of boilers, definition of, 
161. 

(’ams, proper forms of, 126. 

Cast iron, strength of, 33—36; pro- 
portions of cast iron beain.«i, .SHj 
effects of dift'erent kinds of strains 
on beams, 39 — 41 ; strength to resist 
shocks not proportional to strengt]^ 
to resi.st strains, 43 ; to attain maxi- 
mum sfrcngtli sIuAild be combined 
with w’rought iron, 44. 

Casting of cylinders, 505— 507- 
Case-hardening, how to accomplish, 
515. 

Cataract, explanation of nature and 
u.sps of, 155. 

Caulking of land boilers, 232. 

Cement, mastic, for setting marine 
boilers, 2.35. 

Central forces, 12. 

Centre of pressure of paddle wheels, 
371. 

Centres of gravity, gyration, and os- 
, (’illation, 15. 

Centres for fixing arms of paddle 
wheel, 322. 

Centres of an engine, how to lay ofl‘, 

rm. 

Centrifbgal force, nature of, 12 ; rule 
for determining, 13 ; bursting ve- 
locity of fly wheel, 14; and of rail- 
way whe<;ls, 15. 

Centrifugal pump will supersede com- 
mon pump, 2SU. 


Centripetal force, nature of, 12. 
Chimney of locomotives, 264- 
Chimiwy of steam vc’ssels, what to do 
if carried away, 53.3. 

Chimneys of land boilers, 174. 180; 
Boulton and Watt’s rule for pro- 
portions of, 181 ; of marine boilers, 
182. 


Chimneys, exhau.stion produreil by, 
174. 181 ; high and wide chimneys 
in locomotives injurious, 17.5. 
Chimneys of steam boats, 243 ; tele- 
scope, 245, 

“(hty of Canterbury,” engines of. 


Clayton, SVuittU’wortb, and Co.’s por- 
t.'ible engine, 4.09 ; fixed engine, 478. 

Coal, constituc’iits of, 90; eoinbustioii 
of. air required for, 91 ; evai>orativ<! 
etticaev of, 92 ; of wood, turf, and 
coke, 93. 



Cog wheels for sorenv engines, 7.5. 
Coke, evaporative eflieacy of, 93. 

Cold water pump, de.sc'ription of, 58; 

rule for size of, 215 
Combu-stion, nature of, 90. 
Combustion of coal, air rtiquired for, 
91. 


Combustion, slow and rapid, com- 
I arativo merits of, 95 ; rai>id com- 
bustion necc’Ksarv in steam vessels, 
and enables Jess heating surface in 
the boiler to suflice, 9.5. 

Coiu’hoidal jinqieller, 446. 

Conden-sation of steam, water required 
for, 209. 

Condenser, descrijdion of, 58 ; action 
of, 59. 67 ; proper dimensions of 
207. 

Condenser of oscillating engine, 41.'-, 

Condenser of direct acting screw en- 
gine, 434. 

Condensing engine, definition of, 1, 

Condensing water, how to provide 
when deficient, 273. 

Conical pendulum or governor, 20, 21. 

Connecting rod, description of, .54. u7 ; 
strength proper for, 218. 224. 

Connecting rod of dirc'ct acting sert’w 
engines, 438 ; of locomotives, .344. 

Consumption of fuel on each square 
foot of fire bars in waggon, Cornish, 
and locomotive boile ts, 160. 

Copper, strength of, 34* 

Corro.sion produced by surcharged 
steam, 257. 

Corrosion of marine boilers, 254 $ 
causes of, 256, 
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Cost of locomotives, 331. 

Cotton spinning, power necessary for. 

Counter for counting strokes of an 
engine, 151. 

Crank, description of, .^>4 ; unequal 
leverage of, corrected by fly wheel, 
3 ; no power lost by, 23 ; action 
of, 63 : strength proper for, 224 — 
226. 

Crank of direct acting screw engines, 
434. 440. 442. 

Crank pin, strength proper for, 227- 

Crank pin of direct acting screw en- 
gines, 441. 

Crank^ axle of locomotives, 34.^. 

Cross head, description of, 67 ; strength 
proper for, 227. 

Cross head of direct acting screw 
engines, 439. 

Cross tail, description of, 69. 

Crosskill’s portable engine, 462; os- 
cillating, 487. 

Cylinder, description of, 54 ; strength 
proper for, 217. 

Cylinder of oscillating engine, 412. 
415. 430 ; of direct acting screw 
engine, 434. 436. 

Cylinders should have a steam jacket, 
and be felted and planted, 288; 
should have escape valves, HiHK 

Cylinders of locomotives should be 
large, 338 ; proper arrangement of, 
342. 

Cylinders, how to cast, 50.5—507 ; how 
to bore, 508 ; how to grind, 509. 

Cylinder Jacket, advantages of, 11& 

Damper, 48, 49. 

Dampers, various forms of, 239. 

Deadwond, hole in, for screw, 318. 

Delivery valve, description of, 58. 

Delivery or discharge valves, proper 
dimensions of, 209. 

Delivery valves might be made on 
Relidor’s plan, 300. 

Delivery valves in mouth of air pump, 
.$01 ; of indla rubber, 302—306. 

Direct acting screw engines should be 
balanced, ^7. 

Direct acting screw engine by Messrs. 
John Bourne and Co., 433; cylinder, 
434. 436 ; discs, 434. 440. 442 ; guides, 
435; screw shaft brasses, 435; air 
pump, 435. 440; slide valve, 437; 
balance piston, 4^ ; connecting rod, 
4^; piston rods, 438; cross head, 
439; air pump arm, 439 ; feed pump, 
440; crank pin, 441; screw shatr, 
44.$ ; thrust plummer block, 443, 


I 444; link motion, 445; screw pro- 
* pciler, 446. 

Discharge valves, 314. 

Disc valves of India rubber for air 
pumps, 303 — 306. 

Discs of direct acting screw engine 
instead of crank, 434. 440. 442. 

Dodds, expansion valve by, 129. 

Double acting engines, definition of, 
2,3. 

Double acting air pumps, 208 ; valves 
of, 303 ; faults of, 30f)— 309. 

Double side rod engine by Tux ford, 
4a5. 

Draw bolt, 450. 

Dredging earth out of rivers, power 
necessary for, 504. 

Driving wheels of locomotives, 354. 

Driving piles, power necessary for, 
.504. 

Dundonald, Earl of, screw by, 396. 

Duty of engines and boilers, 139; how 
the duty is ascertainable, 140. 

Duty of Clayton atid Shuttleworth’s 
engines from 1849 to 1853, 461. 

Dynamometer, description of, 152. 

Dynamometric power of screw vessels, 
390. 

Eccentric, description of, 69; some- 
times made loose for backing, 298. 

Eccentric and eccentric rod of oscil- 
lating engine, 423. 

Eccentric notch should be fitted with 
‘ a brass bush, 299. 

Eccentric straps of locomotives, 347 ; 
rods of locomotives, .$48. 

Eccentrics of locomotives, 347 ; bow 
to re.adjust, .$51. 

Economy of fuel in steam vessels, 
409. 

l*ki wards, expansion valve by, 29. 

Eiitsticity, limits of, 35. 

Engine, high pressure, definition of,l ; 
low pressure, definition of, 1. 

Engines, classification of, 2 ; rotative, 
definition of, 2 ; rotatory, definition 
of, 2 ; single acting, definition of, 2 ; 
double acting, definition of, 2, 3 ; 
mode of erecting in a vessel, 325 — 
328 ; how to reflx if they have be- 
come loose, 329. 

Engineers of steam vessels should 
make proper preparation for acci- 
dents, 534. 

Equilibrium slide valve, 294— S97 ; 
gridiron valve, 296. 

Erecting engines In a vessel, 325—328. 

Erection of engines in the workshop. 
519. 
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Escape valve on feed pipe, 260. 

Escape valves for leitiug water out of 
cylinders, 29(). 

Evaporative efficacy of coal, 92 ; of 
wood, turf, and coke, 93. 

Evaporative power of boilers, Ift'i. 
1G9 ; power generated by evapora- 
tion of a cubic foot of water, 170; 
increase of evaporation due to in- 
creased exhaustion in locomotives, 
176. 

Exhaustion produced by chimneys, 
174. 181 ; by the blast in locomo 
tives, 174 ; increased evaporation 
from increased exhaustion, 176. 

EKpanciing mandrils for tubing boilers, 
26S. 

Expansion of air by heat, 108. 

Expansion of surcharged steam by 
heat, 108. 

Expansion of steam. 111 ; pressure of 
steam inversely as the space occu- 
]ued, 112; law of expansion, 114; 
rule for computing the Increase of 
etticicncy produced by working ex- 
pansively, 11.0 ; necessity of emcienl 
provisions against refrigeration in 
working expansively, 116; advan- 
tages of steam jacket, 116. Forms ot 
apparatus for working expansively : 
lap on the slide valve, 1.20 ; wire 
drawing the steam, 122; Cornish 
expansion valve, 124; in rotative 
engines worked by a cam, 125; mode 
of varying the degree of expansion, 
126 ; proper forms of cams, 126 ; the 
link motion, 128 ; ei^nsion valves, 
^ Cabrey, Fenton, Dodds, Farcot, 
Edwards, Lavagrian, Bodmer, 
Meyer, Hawthorn, Gonzenbach, 
and Bourne, 127 — ISO. 

Expansion joint in valve casing, 289. 

Expansion valves, Cornish, 124; the 
link motion, 128 ; by Cabr^, Fenton, 
Dodds, Farcot, Edwards. Lavagrian, 
Bodmer, Meyer, Hawthorn, Goii- 
zenbach, and Bourne, 127—130. 

Explosions of boilers, 195 ; causes of 
explosions, 196; precautions against, 
197—200 ; dangers of accumulations 
of salt, 200. 

Face plates or planometers, 511. 

Falling bodies, laws of, 9. 

Farcot, expansion valve by, 129. 

Feathering paddle wheels, description 
of, 73 ; details of, 428. 

p'eed pump, description of, S8 ; action 
of, 60 ; proper dimensions of, 109 ; 
rule for proportioning, 213. 


Feed pump plunger, 310 ; and valves, 
310. 

Feed pumps of locomotives, details of, 
352. 

Fet'd pumps of direct acting screw en- 
gines, 440. 

Feuton, expansion valve by, 129. 

Ferrabee’s pillar engine, 4.90. 

Fire bars of locomotives, 264. 

Fire box of locomotives, mode of stay, 
ing, 262. 

Fire box of modern locomotives, 
447. 

Fire grate surface of boilers, 160. 

Fire grate in locomotives should be of 
small area, 142 ; coke proper to be 
burneti per hour on each square foot 
of bars, 142. 

Firing furnaces, proper mode of, 94. 

Fixed agricuilurul or manufacturing 
ctigitit's, 476. 

Fixed agricultural engines, prices of, 
492. 

Flaws in valves or cylinders, how to 
remedy, 512. 

Float for regulating water level in 
boilers, 48. 154. 

Floats of paddle, 323. 

Floats of paddle wheels, increased re- 
sistance of, if oblique, 376; floats 
should be large, 378. 

Fly wheel corrects unequal leverage 
of crank, 3 ; protMjr energy for, 1 1 ; 
Boulton and Watt’s rtile for, 12; 
bursting velocity of, 14; description 
of, 54 ; action of, in redressing irre- 
gularities of motion, 63. 

Foot valve, description of, 58 ; proper 
dimensions of, 2U9. 

Foot valves might be made on BelU 
dor’s plan, 3U0 ; of India rubber, 
302—306. 

Frame at stern for holding screw pro- 
peller, 318. 320. 

Framing of locomotives, 337. 

Framing of oscillating engine, 412. 

Franklin Institute, experiments on 
steam by, 105. 

French Academy, experiments on 
steam by, 105. 

Friction, nature of, 26 ; docs not vary 
as the rubbing surfaces, but as the 
retaining pressure, 27 ; docs not in- 
crease with the velocity |>er unit of 
distance, but increases with the ve- 
locity per unit of time, 27 : measures 
of friction, 28; effect of unguents, 
28; kind of unguent should vary 
with the pressure, 29 ; Morin’s ex- 
periments, 29; rule for determining 
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tf t>*e iwlsltmee of vesieb of good 

wfft# 

fuel htiirAt on each square foot of fire 
bat* In waffgon, Cornish, and loco. 
mallTC Imilers, 160 ; economy oi; iti 
steam vessels, 4W, 

IFiinnel casing, S44. 

Funnel, what to do if carried away, 
53S. 


Funnelsof steam boats. See Chimneys. 

Furnaces, pro|>er mode of firing, 94 ; 
smoke burning : Williams’s argand, 
97 ; Prideaux’g, 97— IbO ; Houlton 
and Watt’s dead plate, 101 ; re- 
volving grate, 101; Juckes’s 102 1 
IVlaudfilay’s, 103 ; Hall’s, Coupland’s, 
Godson’s, Robinson’s, Stevens’s, 
Hazeldine’s, &c., 104. 

Furnaces of marine boilers, proper 
length of, 236. 

Furnace iiridges, benefits of, 238. 

Fusible metal plugs useless as anti, 
dotes to explosions, 109. 


Gardiner and Macintosh’s portable 
engine, 471. 

Garrett and Son’s portable engine, 
463, 464. 

Gauges, vacuum, 6 ; steam, 6 ; gauge 
cocks and glass tubes for shnwiiu 
level of water in boile.i', description 
of, fl. 

Gauge cocks for 6howin„ level of 
water in boiler, 6. lo3. 314. 

Gc iringfor screw engines, 75, 

Geared oscillating screw engine, de- 
scription of, 76. 

Gibs and cutters, strength proper for, 
229. 

Glass tube.s f«ir showing water level In 
boilers, 6. 153. 

Glass Uibe cocks, 315. 

Gonzenbach, t Xj)ansion valve by, 130. 
Gooch’s indicatf»r, H9--15I. 

Gooch’s locomotive, 447. 

Governor or conical pendulum, 20, 
21 ; description of, 54. 

Gravity, centre of, 15. 

*' Great Britain,” engines of, 76. 

Great Western, ’’boiiera of, by Messrs. 
Maudslay, 159. 

Gridiron valve, 296. 

Griffith’s screw, 396. 

Grinding corn, power necessary for, 
499—501. 

Grinding of cylinders, 5( 9. 

Gudgeons, strength proper for, 219. 


j Guides of locomotives, 344. 

Gttj^s of direct acting screw eogine. 

Gun metal, strength of, 34. 

Gyration, centre of, 15. 

Harvey and West’s pump valves. 278. 
Hawthorn, expansion valve by, 130. 
Heal, latent, definition of, kt! 

Heat, specific definition of, 89. 

Heat, Regnaiilt’s experiments on, 89. 
Heat, loss of, by blowing off marine 
boilers, 250. 

dealing surface of boiler*, 158. 

Heating surface per square foot of fire 
bars in locomotives, 142; a cubic 
foot of water evaporates by five 
square feet of heating surface,' 142. 
Heating of bearings, causes of, 538 ; 
be.arings should always be slack at 
the sides, else the pressure is infi- 
nite. 

High pressure engine, definition of, 1 . 
High pressure engines, power of, l.M. 
nigh speed engines, 136 ; arrange- 
ments proper for high speeds, 137. 
Hodgson’s screw 396. 

Holding down bolts of marine en- 
gines, or bolts for securing engines 
to hull, 67. 

Holms’s screw propeller, ,397. 446. 
Hornsby and Son’s portable engine, 
468 ; fixed engine, 487. 

Inrizontal engines by Ransomc's and 
Sims ; Clayton, Shuttlewortb, and 
Co. ; Turner ; and Barrett, Ex all, 
and Andrewes, 477—481. 

Horses power, definition of, 131 ; 
nominal horse power, 132—139 ; 
actual power ascertained by the in- 
dicator, 132—139 ; Admiralty rule 
for, 1^. 

Hot water or feed pump, description 
of, 58. CT. 

Hot well, description of, 58. 

Inclined plane, 22. 

Increasing pitch of screw, 380. 
Incrustation in boilers, 246. Sec also 
Salt. 

India rubber valves for air pump, 
302—306. 

Indicator, description of the, 132 ; by 
M ‘Naught, structure and mode of 
using, 144 — 149 ; Gooch’s cuntinu. 
ous indicator, 149—151. 

Injection cock, 58. 70. 

Injection cocks of marine engines at 
ship’s sides, 313. 

Injection orifice, proper area of* ¥11. 
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Injection valve, 313. 

Inside cylinder locomotives, S39. 
Inverted engine by Bach, 488; by 
Nasmyth, 489. 

Iron, strength of, 33—30; limits of 
elasticity of, 35, ,30 ; projwr strain to 
be put upon iron in engines and raa< 
chines, 37 ; aggravation of strain by 
being intermittent, 39; increase of 
strain due to deflection, 40 ; strength 
of pillars and tubes, 42, 4:3 ; combi- 
nation of malleable and cast iron, 44 
Iron cast, strength of, 33—36 ; cast 
iron beams, 39—41 ; may be strong 
to resist strains, but not strong to 
resist shocks, 43; should lie com- 
bined with wrought iron to obtain 
maximum strength, 44. 

Iron, if to be case hardened, should 
be huraogciieous, 516. 

cylinder, advantages of. 
Joints, rust, how to make, 514. 
Kingston’s valves, 313. 

Tomb’s scale preventer, 2.53. 

Lantern brass in stuffing boxes, 289. 

^ of' T/.9 valve, meaning 

Large vessels have least proportionate 
resistance, 368. 

Latent heat, definition of, 87, 
Lavagrian, expansion valve by, 129. 
Lead and lap of the valve, inouninir 
of, 119. ** 

Lead of the valve, benefits of 206 
207. ’ ’ 

Lever, 23 ; futility of plans for de. 

riving power iVom a lever, 24. 
Lifting apparatus for screw propeller. 

Limits of elasticity, 

Links, main, description of. 61 7.3 
128. 349, 

Link motion of direct acting screw 
engine, 445. 

Link motion, how to set, 526. 
Locomotive engines ; general descrip- 
tion of the locomotive, 80; Stephen- 
son’s locomotive, 81 ; Gooch’s loco- 
motive for the wide gauge, K3- 
Crampton’s locomotive lor the nar- 
row gauge, 84. 

Locomotives, adhesion of wheels of 
331 ; cost and performance of 332 • 
framing of, 337; cylinders of, 3.38' 
342; springs of, 338; outside and 
inside cylindei’s, 339; sinuous mo- 


tion of, sm; meliiiHr 
339; (Htehirif ino|i4in pMh 

tons, 343 1 fiivtcMi 313 ; foimNib 
SM I ernnketf aielo, 345 : ai»k 
ingi, S4t> ; oerentnea, 347 ; iietmitm 
rod, ; stArttfijt handle, 349 ; Uhlk 
motion, .349; vioves, Ihwi tn 
349 ; ecreotric*, Ihiw to rvadjitifi. 
Sell; feed jpumps, ctMurraMi 
of engine and tcttdrr, 353 ; drivn^g 
wheels, ; wheel tlT««» 
l^womotive engine of modem ctm* 
structioii, example of, 447 ; fiteta»a, 
447; barrel of UiiVet, 44«i tulm, 
448 ; tube pbto, 448 ; framing. 449 ; 
axle guards, 449; draw boll, 45(1* 
wheels and axles, 450 ; cylimSers, 
4.50; valve, 4.50; piston, 450; piston 
rod, 450; guides, 450; connecting 
rorl, 4.50; eccentrics, 451; link mo- 
tion, 451 ; regulator, 451 ; blast pipe* 
451; safety valve, 451, 452: feinl 
pump, 451, 452; tendencies of im* 
provement in locomotives, 453. 
^"cotnotives, management of, 539 -.. 


J-ocomotive boilers, examples of mo. 

dern proportions, 173. 
liOcomotive boilers, details of, S61 
Low pressure or condensing engine 
dehnitioii of, 1. " © 

Lubrication of rubbing surfaces, 28 4 
the friction depends mainly on the 
nature ot lubricant, £8 29 ; oil 
forced out of bearings if the nres- 
sure exceeds 800 lbs. per syuaro 
inch longitudinal section, 30 ; water 
a good lubricant if the surfaces are 
large enough, .30. 

Lubrication of engine bearings, S37. 


M‘Naught’8 indicator, 144—349. 

Main beam, strength proper lor, 220. 

Main centre, de,scr)j)tion of, 67 • 
strength proper for, 228. 

Main links, description of, 61; strength 
proper for, 218. “ 

^tr 26^ ®*panding, for tubing boil- 

Maiihole door, 48. 

Manhole of locomotives, 265. 

Marine flue boilers, jiroportions of 
— 160. ^ See also Boilers. 

Marine boilers of modern construc- 
tion, projier proportions of, 174. 

Marine engines. See Steam Engines 
marine. 

Mastic cement for setting marine 
boilers, 2,35. 

Maiulslay, .Messrs., boilers of ** Retti- 
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bution ’* and ** Great Western,” by, 
159. 

Mechanical powers, 22 ; misconcep- 
tions reauecting, 23, 24. 

Mechanical power, definition of, 25 j 
indestructible and eternal, 25 ; the 
sun the source of mechanical power, 
25. 

Metallic packing for pistons, 274. 
291. 

Metallic packing for stuffing boxes, 
29<*. 

!Meyer, expansion valve by, 129. 

' Miller, Kavenhill, and Co.’s, mode of 
dxing piston rod to piston, 294. 
Modern locomotives, 447. 

Momentum, or vts vtva, 10, 11. 

IMorui, exporimenta on friction by, 29. 
Mudholcs of locomotives, 266. 

Munu’s metal, composition of, 519. 

Nasmyth’s inverted cylinder engine, 
489. 

” Niger” and “Basilisk,” trials of, 388. 
“ Nile,” boilers of the, by Boulton and 
Watt, 164. 

Notch of eccentric should be fitted 
with brass busii, 299. 

Oils for lubrication, 28. See Lubri- 
cation. 

Oscillation, centre of, 15. 

Oi-ciliating land engine by Tuxford, 
4-86; by Crosskill, 48?. 

Oscillating paddle engine, description 
of, 71. 

Oscillating geared screw engine, de- 
scription of, 76. 

Oscillating engine, advantages of, 282 ; 
futility of objections to, 283 ; details 
of cylinder, 412. 415. 430 ; fVaming, 
412; condenser, 413; air pump, 
<«14 ; trunnions, 415. 430; valve and 
valve casing, 417 ; piston, 418 ; jiis- 
ton rod, 419 ; air pump connecting 
rod and cross head, 4l^ ; air pump 
rod, 422 ; eccentric and eccentric 
rod, 423; valve gear, 424; valve 
sector, 425 ; shaft plummer blocks, 
427; trunnion plummer elocks, 
427 ; feathering paddle wheels, 428, 
429 ; packing of trunnions, 432. 
Oscillating engines, how to erect, 
523. 

Outside and inside cylinder locomo- 
tites, 339. 

Parking for fluffing box of Watt’s 
engine, 60. 


Packing of piston of pumping en^'ines^ 
how to accomplish, 274. 

Packing of trunnions, 432. 

Paddle bolts, proper mode of forming, 
323. 

Paddle centres, 322. 

Paddle floats, 323. 

Paddle shaft, description of, 69. 

Paddle shaft, details of, 324. 

Paddle shaft plummer blocks of oscil- 
lating engines, 427. 

Paddle wheels, details of, 321 ; struc- 
ture and operation of, 369; slip of, 
370 ; centre of pressure of, 371 ; roll- 
ingcircle, 372; action of oblique floats, 
376 ; rule for proportioning paddle 
wheels, 377 ; beaeiits of large floats, 
378. 

Paddle wheels, feathering, description 
of, 73 ; details of, 428. 

Paddles and screw combined, 407. 

Parallel motion, description of, 61. 
69 ; how to lay off* centres of, 522. 

Pendulum, 17; cause of vibrations of, 
18 ; relation of vibrations of pendu- 
lum to velocity of falling bodies, 19 ; 
coniciU pendulum, or governor, 20, 
21 . 

Penn, Messrs., engines of Gie.it 
Britain,” by, 76 ; direct acting screw 
engines by, 78 ; trunk engines by, 
78. 

Performance of locomotives, 332. 

Perlorinance of portable engines, 475. 

** PeterhofT,” engines of, 71. 

Pillars, hollow, strength of, 42 ; law of 
strength varies with thickness of 
metal, 43. 

Pillar or column engine, by Ferrabec, 
490. 

Pipe for receiving screw shaft, 317. 

Pipes of marine engines, 315. 

Piston, description of, 54. 56; how to 
pack with hemp, 274. 

Pistons, metallic packing for, 274 291. 

Pistons for osciUating engines, 293. 
418. 

Pistons, how to flt and finish, 510. 

Pistons of locomotives, 343. 

Piston rod, description of, 54. 67; 
strength proper for, 218. 223. 

Piston rods of locomotives, 343. 

Piston rod of oscillating engine, 419. 

Piston rods of direct acting screw en* 
gine, 438. 

Pitch of the screw, 380. 

Pitch, increasing or expanding, 380. 

Pitching motion in locomotives, 341. 

Planometers, or face plates, 511. 
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Plough, stuam, by Usher, 4‘>3. 

riuuHuer blocks of bhafts an«l truii- 
of oscilhtliiig engines, 427. 

riutinncr blocks for receiving thrust 
of screw iiropeller, 315). 44 3, 444. 

riunger of foeil |niin|>, 310. 

l^irt.ible {igricultural engines, 455. 

INirtalile engine.^, prices of, 475. 

J'orts of the cylinder, area of, 205. 

I'ot-lid valves of air jnitup, 300. 

tions respecting, 24. 

I’ower, liorses, delinitioti of, 1.31 ; no* 
niifial and actual power, 13'J — l.’.-o ; 
power of high pressure engme.s, 

134 . 

I’owiT necc'ssary for thrashing and 
grinding corn, working sugar lOiils, 
spinning cotton, sawing tnulfer, 
jiressing cotton, blowing furiniccs. 
driving piles, and rlredging earth 
f)f rivers, 45^8— 504. 

Pi 

50.3. 

Prices of portable engines, 475. 

Prices of fixed agiicultural engines, 

+ 02 . 

Pi iinitig, nature .and causes of, 185 — 
1S7. 

pruning, if excc.s.sive, may occasion 
explosion, 15^8. 

Propeller, screw, descrijition of, 77. 

Proportions of screwN with two, four, 
and six blade.s, +ii2— 4(;4. 

I’roviiig tif boilers, 232. 

Prussia to of potasli lor case harden, 
ing, .51t>. 

Pumping engines, mode of erecting, 
£71 ; mode of starting, 27.5. 

Pumps, los^ of elfect in, at high speed 
anil witli hot water, 110. 205) ; c.uises 
<if tins loss, 214 ; remedy for, 215. 

I’umjis used for mines, 277. 

Pump, air, dcsciiption of, 53; action 
of, 60. 

I’timps, air, proper proportions of, 
207 ; single and double acting, 208. 

Pump, centrifugal, better than com- 
mon pump, 280. 

Pumi», ctikl water, description of, .58. 

Pump, feed, description of, .58 ; action 
of, 60 : proper dimensions of, Ui5) ; 
rule for proportioning, 213 ; plunger 
of, 3i0 ; v.alvc.s of, 310. 

Puin]), hteam, by Worthington and 
iJaker, 406, 

Pump valve.s for mines, &c., 278, 279. 

Punching and shearing boiler plates, 
£34 


I Railway wheels, bursting velocity of 
I 1.5- 

Railway trains, resistance of, 18S. ,3.32 
— 336, 

ll;in>(imes and Sims’ portable engine, 
4.57 ; iixeil engine, 477. 

Paref.tction or exiniu.stion produced 
by i liimneys, 181. 

“ll.iitler” and “• Alec to,” trials of, 
388. 


” lied Hover,” engines of, 67. 
Hegisfrarion, benefits of, 405). 
lii'gnault, experinients on Jieat bv, 
so 10.5. 

Ib'gul.ator, a valve for regulating the 
;idn'i.ssi<>n of steam in locomotivi «, 


ile.airmtiou of, 81 ; various forms of, 
‘-’(i!), 270. 

KiMinie, exi>erimcnts on friction by, 
28. 


Keimie, Mo.ssrs,, engines of steamer 
*■ PeterholP” hy. 71. 

.>d hy railway 
I rams, 188. 33.’--33'). 

l{esi>taiice of vo.sKei.s in water, 3.‘5) ; 
mainly made up of friction, 361 ; 
t'xpenineiits on, 36.>— 368. 

Kesistaiico and speed of vessels influ- 
»'nced hy their size, 3(iS. 

‘‘ Hetribution,” boilers of, by Mc.ssrs. 
M.audsl.ay, 1.59. 

Hiveliiig and c.tulking of land boilers 


Hocking motion of locoinntives, 3.39. 
Ibilliiig circle of paddle wheels, 3/2. 
Kotatory engines, detinition of, 2. 
Uotativo eng’nes, detinition of, 2. 
Uust joints, how to make, 514. 


Safety valve, description of, 69 ; of 
locomotives, 81 ; area of, in low pres- 
sure engines, 201 ; in locomotives, 
202. +51. 

Salinoineter, or salt gauge, bow to 
'ose, 628 ; how to comstruct, .529. 

Salt, accumulation of, prevented in 
marine boilers by blowing off, 7 ; 
if allowed to accumulate in l)oiler.s 
may occasion ex plosion, 200; amount 
of, in sea water, 218. 

Salt water produces surcharged steam, 
257. 

Salting of boilerK, what to do if this 
takes place, ,525) — 531. 

Sawing timber, power necessary for, 
503. 

^ Si^ale in mai*ine boilers, 246. See also 

Scale preventer. Lamb’s, 253. 
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Scrap hon,uniu\table for care harden- 
ing, 516. 

Scraping tools for metal surfaces, 510. 
Screw, 22. 

Screw engine, geared oscillating, de- 
scription of, 76; direct acting, de- 
scription of, 79. 

Screw engine, direct acting, by Messrs. 

John Bourne and Co„ 433. 

Screw engines, best forms of, 285. 
Screw firame in dead wood, 318. 

Screw propeller, description of, 77. 
Screw propeller, mode of fixing on 
shaft, 317 ; mode.s of receiving 
thrust, 319; apparatus for lifting, 
520 ; configuration of, 379 ; action 
of, 379; pitch of the screw, 380; 
screws of increasing or expanding 
pitch, 380 ; slip of the screw, 381 ; 
jiositive and negative slip, 382; screw 
and paddles compared. ^>83 ; test of 
thedynamometer,387; tri/ils of “llat- 
tler ” and “ Alecto,” and ** Niger ” 
and “ Basilisk,” 388 ; indicator and 
dynometer power, 390 ; loss of power 
in screw vessels in head winds, 391 ; 
the screw should be deeply im- 
mersed, 394 ; screws of the Earl of 
llundonald, Hodgson, Grittiih, 
Holm, and Beattie, 39C— 4<K); la- 
teral and retrogressive slip, 4«)() ; 
sterns of screw vessels should he 
sharp, 401 ; proportions of screws 
with two, four, and six blades, 402 
~404 ; serpw vessels with auxiliary 
power, 405 ; screw and paddles com. 
billed, 4f.)7 ; economy of fuel in 
steam vessels, 409; benefits of re- 
gistration, 409. 

Screw propeller, Holm’s conchoidal. 
446. 

Screw shaft, details of, 317. 

Screw shaft pipe at stern, 317. 443. 
Screw shaft brasses of direct acting 
screw engines, 435. 

Se^ water, amount of salt in, 248. 

Sea injection cocks, 313. 

Sector for valve of oscillating engine, 
425. 

Setting of waggon boilers, 233 ; of ma. 
rine boilers, 235. 

Setting the valves of locomotives, 
349. 

Shaft, paddle, details of, 324. 

Shaft of screw propeller, details of, 


Shafts, strength of, 221, 222. 226. 
Shank’s steam gauge, 144. 

Shocks may not be well resisted Ir 
iron that can well resist strains, 43 


e^t of Inertia in resisting shocks. 

Side levers or beams, description of, 
67. 

Side lever marine engines, description 
of, 67—70. 

Side lever engines, how to erect, 519 
_52a 

Side nxis, description of, 67 ; strength 
proper for, 224. 

-linglc acting engines, definition of, 2. 
Single acting or pumping engines, 
mode of erecting, 271 ; mode of 
starting, 27.5. 

Sinuous motion of locomotives, 339. 
Slide valve, 67 ; various forms of, 1 16 ; 
long 11 and throe? ported vaU'e, cie- 
scriptioii of, 1 17 ; action of the slide 
valve, ] 18 ; lead and lap of the 
valve, 119; rules for determining 
the proi>ortioris of valves, 12(), 121; 
advantages of lead in swift moving 
engines, 122. 

Slide valve, equilibrium, 294—297. 

Slide valve with balance piston of 
direct acting screw engine. 437. 

Slide valve, how to finish, 5\2, 513. 
Slide valves of marine engines, how to 
set, 525. 

Slip of paddle wheels, 570. 

Slip of the screw, 381 ; positive and 
negative slip, 382 : lateral and retro- 
gressive slip, 400. 

Smoke, mode.s of consuming, 96 — 104. 
Smoke burning furnaces : Williams’s 
argand, 97 ; Prideaux's, 97— UM) ; 
Boulton and Watt’s dead plate, 101 ; 
revolving grate, 101 ; Juckes’s, 102 ; 
Maudslay’s, 103 ; Hall’s, Coupland’s, 
Godson’s, Robinson’s, Stevens’s, 
Hazcldine’s^ &c., 104. 

** Snake’* locomotive, 447. 

Southern, experiments on friction by, 
28 ; experiments on steam by, 105. 
Specific heat, definition of, 89. 

Speed of vessels influenced by their 
size, 368. 

Spheroidal condition of water in 
boilers, 197. 

Springs of locomotives, .338. 

Stand pipe fur low pressure boilers, 
48. 49. 155, 

Starting handle of locomotives, 349. 
Staying of boilers, 193, 194, 195. 
Staying tube plates,, mode of, 242. 
Staving fire boxes of locomotives, 
262. 

Steam, experiments on by Southern, 
French Academy, Franklin Instw 
tute, and M. Kegiiault, 105. 



Steam engine, various forma of, for 1 
propelling vessels, 65 — 80 \ paddle 
engines and screw engines, 63 ; 
principal varieties of paddle engines, 
63 ; ditferent kinds of paddle wheels, 
6t) ; the side lever engine, 66; de- 
scription of the side lever engine, 
67 — 70 ; oscillating paddle engine, 
71 ; description of featijeriiig paddle 
wheels, Iti ; oscillating geared screw 
engine, 76 ; direct acting screw 
engine, 78. 

Steam dome of locomotives, 265. 

Steam gauge, 6. US ; Uourdon’s, 143; 
Shank's, 144. 

Steam jacket, benefits of, 1 16. 288. 
Steam passages, area of, 203 — 205. 
Steam plough, Uslu'r’s, 493. 
bteum p\nnp, Wortliingtou and Ba- 
ker’s, 496. 

Steam room in boilers, 183—18.5. ' 

Steam, surcharged, law of expausiou 
by heat, 108. 

Steel, strength of, St. 

Stephenson, link motion by, 127. 

Stop valves between boilers, 258. 
Straight edges, 511. 

Strains subsisting in machines, .33. 
Strain proper to be put upon iron in 
engines, 37, 

Strains in machines vary inversely as 
the velocity of the part to winch the 
strain is applied. .38 ; aggravated by 
being intermittent, 39 ; increase of 
strain due to Ucfiection, 40 ; efiects 
of alternate strains in opposite di- 
rections, 41. 

Strength of materials, .33. 

Strength of hollow pillars, 42; law of 
strength varies with -thickness of 
metal, 43. 

Strength of cast iron to resist shocks 
doe.s not vary as the strength to re- 
sist strains, 43 ; increase of strength 
by combination with cast iron, 44. 
Strength of boilers, 189 ; experiments 
on, by Franklin Institute, lyo- by 
Mr. Fairbairn, Ifll ; mode of com- 
puting, 191, 192; mode of staying 
tor strength, 193, 194. 

Strengths of engines ; cylinder, 217 ; 
tnnininns, 217 ; piston rod. 218.223 ; 
main links, 216 ; cuiinectiiig rod. 


cutters, 

Studs, strength proper for, 2l9. 

Stuffing box, descriptioti of, 6U. 

Stuffing boxes with metallic packing 
290 ; with sheet brass packed be- 
hind with hernp, 290 ; somelimea 
fitted with a lantern brass, 289. 

Sugar mills, power necessary to wort, 
5<)l. 

Summers’ experiments on the friction 
of rough surfaces, 32. 

Surcharged steam, law of expansion 
of, by heat, 108. 

Surcharged steam produced by salt 
water, 257 ; corrosive action ol. 
257. 

Surfaces, how to make true, 511, 

Sweeping the tubes of boilers clean of 
soot, 352. 


Table engine by Tuxford, 484. 

Teeth of wheels, 222. 

Telescope chimneys, 245. 

Tender of a locomotive, description 
of, 83; attachment of, to engine. 


Tin ashing corn, power neecssarv lor, 
498 

'I’hrottle valve, dcscripti-m of, .54. 

Thrust of the screw propeller, modes 
of receiving, 319. 

Thrust plummcr block, 44.3, 444. 

'J’lres of l«>comotivc wheels, 3.56. 

Traction on railways, 3.39. 

Trunk engine by Messrs. Hennic, 
disadvantages of. 28.5. 

Trunk engines by Messrs. Penn, 78 

'i'runnions of oscillating engines, de- 
scription of, 71 ; strength proper lor, 
217; details of, 415. 

Trunnion packing, 4.32. 

Trunnion plumm'er blocks, 427. 

I'ube phates, mode of staying, 242. 

Tube plates of modern locomotives. 


Tubes of modem Iccomotive boilers, 
448. 

Tubes of boilers, how to sweep clean 
of soot, 532. 

Tubing of boilers, 241. 

'I’ubing locomotive boilers, 268. 
Turner’s iKiitahle engine, 4f>fi ; j^er. 
formaiice of, 4u7 ; fixed engine, 479. 


0 0 2 



564 


INDEX. 


'1 n^slord jind Sons’ pnrt;U>ip rnfririp, 
4fiK. 47(!, 471 ; tHbl»» enpme, 4R4 ; 
double side rod, 4H5 ; oscilK'iting, 
48r>. 


Usher’s steam plough, 493. 


Valve, atmospheric, 48. 

Valve casing, dcscriplion of, .Ofi. 

Valve casing should have expansion 
joint, 289. 

Valve and valve casing of oscillating 
engine, 417. 

Valve delivery, description of, .'58 ; 
action of. 60. 

Valve, oqtiilibriuni slide, 294 — 297 

Valve, loot, ilcscription ol, .*>8 ; action 
of, 60. 

Valve gear of Watt’s engine, '57 ; 
action of, .*>9. 

Valve gear of oscillating engine, 424. 

Valve, gridiron, 296. 

Valve sector of o.sflillnting engines, 
42.0. 

V.'ilve, .slide, ,SVc Slide Valve. 

\’n1ve, slide, how to finish, 612, 

Valve.s, ball, 062 ; Ilelidor’s, might he 
u.setl for loot ami delivery valve<, 
,‘JUO; butlerlly, of air pump, .‘JOO ; 
eouceutne ring, for air pumpbucket, 


dVM. 

Valves, escape, for cylinders, 290. 
Valves, expansion. See lixpansion 
Valves. 

Valves of feed pumps, .810. 

\'alves, iiuiia rubber, for air pump, 
J02— .SOfi. 

Valves, King.ston’«, 813. 

X'alves of locomotives, how to set, 
^349. 


valves, jioi-iui, ot air jiump, .'>uo. 

Vacuiun, meaning of, 1 ; nature and 
uses of, 4 ; how maintained in en- 
giu<?8, 4. 

Vacuum sometimes occurs in boilers, 
6 ; evils of a vacuum in boilers, 7. 

Vacuum, velocity with which air 
rushes into a, 7. 

Vacuum gauge, 6, 1'13 ; Bourdon’.s, 
IM. 

Velocity of air entering a vacuum, 7. 

Velocity of falling bodies, 8. 

Vent of boilers, definition of, 161. 

Vessels, resistance of, 3.i9 ; mainly 
m.ade up of friction in good forms, 
861 ; experiments on, 368 — 36.S ; in 
fluence of si7.o, :i68. 

Fis viva, or mechanical power, 10, 11. 

Waste steam pipe, 244. 

Waste water pipe, .S1.8, .814. 

Water required lor e(>nden8ation,209 ; 
pump.s for supplying, 21.6. 

Watt’s doiiide acting engine, descrip- 
tion of, 64. 

Wedge, 22. 

Wheels, toothed, for screw engines, T.'». 

Wheels, teeth of, 222. 

Wlieels of locomotives, adhesion of 
.381 

Wheels, driving, of locomotives, 35k 

Wheel tires,. 3:*6. 

Wheels anvl axles of modern loco- 
motives, 460. 

Wood, experiments on friction by,2S. 

Wood, evaporative eflicacy oi, 9.3. 

Working beam of land engine, de- 
scription of, 54. 

Worthington and Baker’s steam 
pump, 496. 


LOWDOW 


r’BI.'riEh BT SPOTXISWOOBE A.jr® CO. 
WBW-SXKKET SQUABB 



NEW, ENLARGED, & GREATLY IMPROVED EDITION 
OF THE ARTISAN CLUB»S TREATISE ON 
THE STEAM-ENGINE. 


In One Volume, 4t.o. with 37 Plates and 5 16 Engravings on 
Wood (200 new in the Fifth Edition), priee 4-2s. 

TREATISE 

ON 

THE STEAM-ENGINE 

In its vAKioua Applications to Mines, Mills, 

Steam Navioation, Railways, and AoiiicuLTUttK ; with 
Theoretical Investigations respecting the Motive l*ow!:ii 
OF Heat, and the Proportions of Steam-Knoinks ; Tables 
OF the Right Dimensions of every Part; and Practical 
Instructions for the Manufacture and Management 

OF EVERY SPECIES OF l^NQINE IN ACTUAL USE. 

By JOHN BOUENK, C.E. 

BEING 

The Sixth Edition of the jiriisan Cluh's Treatise on the fiteam-En<j}nc, 


CRITICAL OPINIONS OF THE FIFTH EDITION. 

‘WniLK many booksS have been usefully composed to 
make the Benenil public awpiainted with that power wliich is cliauL’-iiu? 
tlie face of our country, and alteinii;; many of the conditions of sociel.v, 
the Artisan Club's Treatise on the Steam-Engine bus steadily advanced 
in the esteem of those persons vrho need a more thorougb and work- 
ing acquaintance witli tlie subject. The claims of this work buA'e always 
been based on its ])ractical ciuiraeter. It originally appeared in parts, witli 
the defect s of form and arrangement incident to that mode of publication ; 
besides this disadvantage, its literal shortcomings were eonspicuons ; yet the 
amount of solid information in whiidi it abounded, audits practical tendency, 
which the mecluinical members of the profession were quick to recognise, in- 
sured for it great success. In this fifth edition, the original treatise is so 
chan^'ed by excision, amplification, and amendment, that the work is sub- 
stantially new. It is, in fact, a system of elaborate treatises on the scientific 
principles which govern the steam-engine, and their i)ractical application to 
several parts in construction ; and with its S7 plates and 54fi woodcuts 
(200 new in this edition), addetl to its extensive tables, it forms a truly e.v<;lo- 

} Median monograpli. In offering it to the public as the maturer product of 
lis skill, its experienced Author says — If this woric in to be superseded by a 
better OTie^ it must be written by some other person than me; Jor, upon the 
whole, it is as good a work as I am able to write on the subject. It is indeed 
difficult to conceive anything more complete and exhaustive.’ 

Daily News. 


London : LONGMA.N, GREEN, and CO. Paternoster Row. 



BOVBJSfE ON THE STEAM-ENGINE. 


‘ This reproduction of the Artisan Club’s Treatise on the 

Steam>Etif;!ine containH so many additions and emendations as to render 
llie work substantially a new one. The new edition extends to 495 closely- 

priiiLed pa^es. The work is admirably arranged; a large number 

of new x>lates and woodcuts has been added; and it lias been carefully 
indexed, so that all the information contained in it is easily accessible. The 
size, fulness, and accuracy of the volume are the best evidences of the great 
labour wliicn the Author has bestowed upon it, and of his practical nc(|uaint* 
auce Avith the subject ; and we can congratulate liirn ui)on accomplishing his 
tusk of embodying in this treatise the best information on the subject of the 
steam-engine wliicli at presents exists.* Magazine. 


‘ The first edition of this great work was brought out in 
parts in 184G, with tnany imperfections, clearly discerned by Its Editor. 
These defects wore so Compensated by novel atwi sterling qualities, that the 
book at once commended itself to the favour of practical men, and has re- 
tained its \njsition ever since. The preaeut edition is to a great extent a new 
work, cleared of the faults which disfigured the original, and retainitig only 
those parts wlvich continuo to represent the i>rcBcnt state of the tojncs of 
which they treat. Mr, liourue himself is satisfied with the treatise as it now 
stands. If thu work, he says in his preface, i* to he miiereeded hy a better 
one, it mmt he written hy *ome other permn than me; fm\ upon the whole, iti» 
a» pood a work ws I am able to write on the auhject. 'I’he volume is furnislied 
with elaborate tables, and no less than 37 plates and 546 woodcuts, of which 
2<M) are new in this cnllion. We suppose it is imposaible that in the present 
stal e of the arts the work could have been got up in a more appro])riate or 
satisfactory manner.’ {Si'Jicxaxoe. 


‘ The fifth edition of the invaluable work on the steam- 
engine drawn up under the revision of the Artisan Club has just been pub- 
lished, M’itli the infctrmaiiou brought down to the i)rosent time by Mr. J. 
lioUHKE, tlio original Editor, and so many additions and emendations as to 
eniitlc the volume to bo considered a new treatise. Mr. llourne declares 
that most of the faults in the original work have b(*en clearial away, and 
tliat he has spared no jtains to render tlie present edition serviceable to the 
render, and a fair embodiment of the best iiitormalion which at present 
exists on tlio subject of the steam-engine. To dilate upon the merits of a 
work so well known as the Artisan Club’s Treatise o.n the Steam-Engine 
would be useless ; but for those persons wdio, owing to their brief connexion 
wdth the engineering profession, are uiuuaiuaiiitcd wdth the book, we may 
state that the history of the steam-engine, and its gradual improvement 
from the earliest period of winch ive have any record, to the present time, 
is carefully and judiciously given, and that every point connected with the 
practical details of the stctim-euglne is fairly and dispassionately discussed, 
beyond this we need only refer to tlie subjects treated of in the several 
chapters— the scientific^ principles, the general tljeory, and the i)roportions 
of the steam-engine ; on boilers; on pumping, mill, marine, locomotive, 
and agricultural engines; steam navigation ; projects of improvement in the 
steam-engine; and rules and tables for finding the proper proportions of 
steam engines. To these is added an appendix containing all the tlieoretical 
data likely to be required by the practical engineer. The wdiole of the infor- 
mation given is rendered particularly lucid by the carefully executed illus- 
tr.atious which accompany the volume. As a treatise for pnictical men the 
W’ork is as near perfection as any that has yet been published, and w'ill, 
doubtless, long maintain the high reputation Avhich its acknowledged merits 
have secured tor it,* MmiiiG JouewaL. 


London : LONGMAN, GBEEN, and CO. Paternoster Eow. 
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LOWNDES’S ENOINEER’S HANDBOOK; explaining the 

Prinoinles wliioh should puidc the youn^ Engineer in tlio Construetion of 
Machinery, with the nece'^sary RuIor, Proportions, and Tables ; coniinisinif 
amotiffst other mattera tlie Rule for Calculating the Evuporiition l^ower of 
Boilers, the comparative economical effect of usiriB Steam expansively. 
Principles which rejrulate the Speed of Steam Vessels, &c. Second Editioii. 
Post 8vo. 5«. 

USEFUL INFORMATION for ENGINEERS. By William 

FAinHAiRTV, C.E. F.R.S. F.G.S. NcwEditionH of the First and Second Series ; 
with numerous Plates and Woodcuts. 2 vols. crown 8vo. 10*. 6<i, each. 

FAIRBAIRN’S TREATISE on MILLS and MILLWORR. 

Von. I. the. Principles of Mechanism and Prime Movers ; with 8 Plates and 
170 Woodcuts, price Ui*. Voi*. 11. Machinery of Trauftmission and tiie 
Construction and Arrangement of Mills *, with 10 Plates and 14ft Woodcuts, 
price 16*. 2 vols. 8vo. 32*. 

THE APPLICATION of OAST and WROUGHT IRON to 

BUlIiDING PURPOSES. By William Faiubairn, C.E. P.B.S. F.(i.s. 
Third Edition, corrected and enlarged; and comprisinK a short Treatise on 
Wrought li’on Bridges, with 6 Plates and 1 18 Engravings on Wood, 8vo. ll’«. 

IRON-SHIP BUILDING, its HISTORY and PROGRESS, 

as comprised in a Scries of Exporlmentsil researches on the liaw of strain.^, 
the Strength, Disposition, and Properties of the Material of Constructioii, 
and the Kesults of an Inquiry into the Resisting Powers of Armour Plates to 
Projectiles at High Velocities. By William Faiebairjx, C.I3. F.R.S. F.G.S. 
8vo, \Nea/tly ready. 

ENCYCLOPiEDTA of CIVIL ENGINEERING, Historical, 

Theoretical, and Pi-actical. By Edward Crhbt, Architect and Civil 
Engineer. New and cheaper impression, with above 3,000 Woodcuts. 
8vo. 42*. 

PR.\.CTICAL GEOMETRY : Containing the Construction of 
all the most useful Geometrical Problems, with their Applications; and the 
Construction and Use of the most essential Drawing Instruments By 
Thomas Tate, F.R.A.S. Second Edition, With 261 Woodcuts, 18rao, 1*. 

ORTHOGRAPHIC PROJECTION and ISOMETRICAL 

DRAWING, as applied to Building, Architecture, Engineering, &c. By W. 
S. Bihns, M.C.P. With 124 Woodcuts and Diagrams. 18mo. 1*. 

THE ELEMENTS of MECHANISM, designed for Students 

of Applied Mechanics. UyJT. M. Goodbye, M.A. Prof, of Mechanics at the 
Royal Military Academy, Woolwich. Second Kdition, revised and enlarged. 
Post 8vo. with 217 Figures on Wood, price 6a. td. 

GWILT’S ENCYCLOPAEDIA of ARCHITECTURE, His- 
torical, Theoretical, and Practical. With more than l.tiOO Wood Engravings 
from DesigJis by J. S. Qwilt. Fourth Edition. 8vo. 42*. 
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MAlSfUAXi of tbo METALLOIDS. By James Xvsotim, 
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A TREATISE on ELECTRICITY, in THEORY and 

PUAOTICK. Ily A. Dt? La Rive. Professor in Iho Academy of Geneva, 
Translated for t'lie Autlior by C. V. VValkjiH, F.R.S. With llludtrations. 
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the Institution of Civil Engineers. With 2 Portraits and 17 Illustrations on 
Steel and Wood. 2 vols. 8vo. 82s. 
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VoLS. I to IV. the Reign of Henry VIII. Third Edition, .5-ifi. 

VoLS. V. and VI. the Reigns of Edward VI . ainl Mary. Third Edition, 28«. 

VoLS. VII. and VIII. the Reign of Elizabeth, VoLS. 1. and II. Third 
Edition, 28«. 

The HISTORY of ENGLAND from the Accession of James II. By- 
Lord Macaulay. Throe Editions as follows. 

Libbaby Edition, 6 vols. 8vo. £4. 

Cabinet Edition, 8 vols. post 8vo. 48s. 
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HISTORY of the EARLY CHURCH, from the First I’reaching of the 
Gospel to the Council of Nicsea, a.d. 325. By the Author of ‘Amy Herbert,’ 
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By the same Author. 

A Dialogue on the Beet Eorm of Oovernment, 4s. 6<f. 

Essay on the Origin and Formation of the Romance Languages, 

price 7s. 6tZ. 

Historical Survey of the Astronomy of the Ancients, 15s. 
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The Fables of Babrius, Greek Text with Latin Notes, Pabt I. 
6s. Gel. Part It. 3s. Gd. 
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NEW WORKS PTBLiaHEB by LONGMAN and CO. 


7 


THESATTKirS of ENGLISH WORDS and PHRASES, classified and 
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LECTURES on the SCIENCE of LANGUAGE, delivered .it the Royal 
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8vo. 5«. 

MANUAL of ENGLISH LITERATURE, Historical and Critical: witli 
a Chapter on Enirlish Metres. HyT. Arnold, B.A. Prof, of Eng. Lit. Cath. 
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and Dr. Cakl Martin ERiEi)j.ANDEtt. Post 8vo. {In tfiepress. 


Miscellan.eom Works and Popular Metaphysics. 

.‘RECREATIONS of a COUNTRY PARSON ; being a Selection of the 
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Selections from the Correspondence of R. E. H. Greyson. By the 
same Author. Third Edition. Crown Svo. Is. Gi/. 

Fulleriana, or the Wi.sdom and Wit of Tiiojias Fuli.er, with Essay 
on his Life and Genius. By the same Author. IGino. 2s. Gd. 
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The SENSES and the INTELLECT. By At.uxandeu Bain, M.A, 

Professor of Logie in tin* I7j)ivorsily of Atiiird{Hm. Second Edilion, 8vo. 
price 15s. 

The Emotions and the Will, by the same Author ; completing a 

Systematic. Exposition of the llumau Mind. Kvo. 15 .n‘. 

On the study of Character, including an Estimate of Phrenology. 
By the same Author. Svo. y.t. 

HOURS WITH THE MYSTICS : a Contribution to the History of 
Religious Ornnion. By Robkut AlfekI) VAt'OHAW, B.A. Second Edition. 
2 vols. crown Svo. 12i. 

PSYCHOLOGICAL INQUIRIES, or Essays intcntlcd to illustrate tlic 

Influctute of the Physical Organisation on (ho TVL'iital I'^aciiltU'S. By Sir B. 
C. Buodik. B:irl. Fci). Svo. (is. Pa rt II. Essays intendoil to illustrate smno 
Points ill tlie Physical and Moral History of Man. Pep. 8vo.5.v. 

The PHILOSOPHY of NECESSITY ; or Natural Law as applic.ahle to 
Mental, Moral, and Social Science. By Charles BiiAV. Second Edition. 
Svo. 9*. 

The Education of the Feelings and Affections. By the same Author. 

Third Edit ion. Svo. 3tf. 

CHRISTIANITY and COMMON SENSE. By Sir Willoughby 
Jones, Bart. M.A. Trim Coll. (Cantab. Svo. C«. 


AstroJiomy^ Meteorology^ Popular Geograpkip 

OUTLINES of ASTRONOMY. By Sir J. F. W. IIkrschix, Bari 

M.A. Seventh Edition, revised ; with Plates and Woodcuts. Svo. 18«. 
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A»AGM)’S POPULAR ASTRONOMY. Translated by Admiral W. H. 
Smyth, P.R.S. and R. Ghant, M.A. With 25 Plates and 368 Woodcuts. 
2 vols. 8vo. £2, 5s. 

Arago’s Meteorological Essays, with Introduction by Baron Hum- 
boldt. Translated under the su|>ori«icndeiice of 3Iajor-Geucral E. Sabixe, 
RfA. 8vo. 18s. 

The WEATHER-BOOK; a Manual of Practical Meteorology. By 
R(iar-Admiral Robebt Fitz Roy, R.N. F.R.S. Third Edition, with 1C 
Diagrams. 8vo. Ws. 

SAXBY’B WEATHER SYSTEM, or Lunar Influence on Weather, 

By S. M. Sax-UV, II.N. Principal Instructor of Naval Engineers, H.M. 
Steam Reserve. Second Edition. Post 8vo. 4is. 

DOVE’S LAW of STORMS considered in connexion with the ordi- 
nary Movorru'utH of the Atmosphere. Translated by R. H. Scott, M.A. 
T.C.D. 8VO. 10s. 6d. 

CELESTIAL OBJECTS for COMMON TELESCOPES. By the Rev. 
T. W. Webb, M.A. F.R.A.S. WithMap ofthe Moon, and W'oodcuts. 16mo.7s. 

PHYSICAL GEOGRAPHY for SCHOOLS and GENERAL READERS. 

By M..P. Maury, LL.D. Author of ‘Physical Geography of the Sea,’ &c. 
Fcp. 8vo. with 2 Idatos, 2s. (id. 

A DICTIONARY, Geographical, Statistical, and Historical, of the 
various Countries, Tdaees, and l^incipal Naiunil Objects iu the World. By 
J. R. M'Culluch, Esq. With 6 Maps. 2 voJs. 8vo, C5s. 

A GENERAL DICTIONARY of GEOGRAPHY, Descriptive, Physical, 
Statistical, and Ilistori<!al : forming acomjdete Gazetteer of the World. By 
A. Keith Johnston, F.R.S.E. 8vo. JOs. 

A MANUAL of GEOGRAPHY, Physical, Indnstrial, and Political. 
By W. Hughes, F,R.G.S. Professor of Geography in King’s College, and in 
Queen’s College, Loudon. With 6 Maps. Fcp. 8vo. 7.v. Od. 

Or in Two Parts Part I. Europe, Ss. Qd. Part 11. Asia, Africa, America, 
Australasia, and Polynesia, 

The Geography of British History; a Geographical description of 
the British Islands at Successive Periods, from the Earliest Times to the 
Present Day. By the same. With 6 Maps. Fcp. 8vo. 8«. Bd. 

The BRITISH EMPIRE ; a Sketch of the Geography, Growth, Natural 
and Political Features of the United Kingdom, its Colonies and Dependen- 
cies. By Caroline Bray. With 5 Maps. Fcp. 8vo. 7s. tk/. 

COLONISATION and COLONIES : a Series of Lectures delivered be- 
fore the University of Oxford. By Herman Merivale, M.A. Professor of 
Political Economy. 8vo. 18s. 

The AFRICANS at HOME : a popular Description of Africa and the 
Africans. By the Rev. R. M. Macbrair, MA. Second Edition ; including 
au Account of the Discovery of the Source of the Nile. With Map and 70 
Woodcuts. Fcp. Svo. 5s. 

MAUNDER’ S TREASURY of GEOGRAPHY, Physical, Historical, 

Descriptive, and Political. Completed by W. Hug^mes, F.R.G.S. With 7 
Maps and 16 Plates. Fcp. Svo. lOs. 
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Natural History and Popular Science. 

The ELEMENTS of PHYSICS or NATITEAL PHILOSOPHY. By 

Neil Akbott, M.D. F.li.S. Physician Extraordinary to tlve Queou. Sixth 
Edition. Pakt I. 8vo. lOa. M. 

HEAT CONSIBEBED as a MODE of MOTION; a Course of Lectures 
delivered at the Royal Institution. By Professor John Tyndall, F.B.S. 
Crown 8vo. with Woodcuts, 12«. 6d. 

VOLCANOS, the Character of their Phenomena, their Share in the 
Structure and CoTn{)Osition of the Surface of the Globe, &c. By G. I’OULETT 
SciiorE, M.P. P.R.S. Second Edition, hvo.with illustrations, 15s. 

A TEEATISE on ELECTBICITY, in Theory and Practice. By A. 

De la Rive, Prof, in the Academy of Geneva. Translated by C. V. WjLLKBlt, 

F. U.S. :i vols. 8vo. with Woodcuts, £3 lo«. 

The COBBELATION of PHYSICAL FOBCES. By W. 11. Gbovb, 

Q.C. V.P.R.S. Fourth Edition. 8vo. *Js. Crf. 

The GEOLOGICAL MAGAZINE; or. Monthly Journal of Gcologr. 
Edited by T. RirPEitT Jones, F.G.S. Professor of Geology in tbo B. M. 
College, Sandhurst; assisted by J. C. Woodwaiul F.G.S. F.Z.S. Ibritish 
Museum. 8vo. with Illustrations, price Is. Cd. monthly. 

A GUIDE to GEOLOGY. By J. Phillips, M.A. Professor of Geology 
in the University of Oxford. Fifth Edition; with Plates and Diagrams. 
Fcp. 8vo. 4«, 

A GLOSSARY of MINERALOGY, By H. W. Bristow, F.G.S. of 
the Geological Survey of Gr<sit Britain. With 480 Figures. Crown 8vo. 12s. 

PHILLIPS’S ELEMENTARY INTRODUCTION to MINERALOGY, 

with extensive Alterations and Additions, by H. J. Brooke, F.B.S. and W. 
H. Miller, F.G.S. Post Svo. with Woodcuts, 18ff. 

VAN DEB HOEVEN’S HANDBOOK of ZOOLOGY. Translated from 
the Second Dutc^h Edition by the Rev. W. Clark, M.D. F.R.S. 2 vols. 8vo. 
with 24 Plates of Figurtis, H0«. 

The COMPARATIVE ANATOMY and PHYSIOLOGY of the VEETE- 

tarate Animals. By Richard Owen, F.R.S. D.C.L. 2 vols. Svo. with 
upwards of 1,200 Woodcuts. [/» the press. 

HOMES WITHOUT HANDS : an Account of the Habitations con- 
structed by various Animals, clas.sed according to their Principles of Con- 
struction. By Rev. J. G. W'OOD, M.A. F.L.S. Illustrations on Wood by 

G. Pearson, iVom Drawings by F. W. Kcyl and E, A. Smith, In course of 
publication in 20 Parts. Is. each. 

MANUAL of CCELENTERATA. By J. Heat Greene, B.A. M.R.I.A. 

Edited by the Rev. J. A. (»albraith, M.A. and the Rev. S. HAuanxoN 
M.D. Fcp. 8vo. with ;>y W oodcuts. 5«. 

Manual of Protozoa ; with a General Introduction on the Princioies 
Zoology. By the same Author and Editors. Fcp. 8vo. witli llWoodcu 

Manual of the Metalloids. By J. Apjoun, M.D. F.R.S. and the 

same Editors. Fcp, Svo. with 38 Woodcuts, 7». 6d. 
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THE ALPS ; Sketches of Life and Nature in the Mountains. By 
Itarou H. Voir Rerlepbcjt. Translated by the Rev. L. Stephew, M.A. 
W' ith 3 7 Illustrations. 8vo. 15«. 

The SEA and its LIVING WONDERS. By Dr. G. Habtwig. 

Second (English) Edition. 8vo. with many Illustrations. 38«. 

The TROPICAL WORLD. By tlie same Author. With 8 Chromo- 
xylograplis and 372 W oodcuts. 8vo. 

SKETCHES of the NATURAL HISTORY of CEYLON. By Sir J. 

PiMEnaoN TuiiiiEirT, K.C.S. IjL.I). With 82 Wood Engravings. Post Svo. 
price 12s. Od. 

Ceylon. By the same Author. 5th Edition ; with Maps, &c. and 90 

Wood Engravings. 2 vols. Svo. £2 JOs. 

MARVELS and MYSTERIES of INSTINCT ; or, CurioBities of Animal 

Life. Ry G. Gakkatt. Third Edition. IVp. Svo. 7.s'. 

HOME WALKS and HOLIDAY RAMBLES. By the Rev. C. A. 

Johns, B.A. P.L.S. Ecp. Svo. with 10 Illustrations, Gs, 

KIRBY and SPENCE’S INTRODUCTION to ENTOMOLOGY, or 

Elements of the Natural History of luar^cts. Seventh Edition. Crown Svo. 
t)riee 6®. 

MAUNDER’S TREASURY of NATURAL HISTORY, or Popular 
Dictionai’y of Zoology. Revised and corrected by T. S. Cobuold, M.D, 
Pep. Svo. with ItOO Woodcuts, 10«. 

The TREASURY of BOTANY, on the Plan of lifaunder’s Treasury. 
By J. Ljnpj-pv, M.l). and T. Mookk, F.L.S. assisted by other Practical 
Botanists. VVitli IG Plates, and many Woodcuts from designs by W. 11. 
Pitch. Pci>. .Svo. [In the. 2 >ress. 

The ROSE AMATEUR’S GUIDE. By Thomas Rivers. 8th Ea*tion, 
Pep. Svo. 45. 

The BRITISH FLORA; compriRinsr the Phamojramous or Flowering 
Plants and the Verns. By Sir W. J. IIookek, K.H. and G. A. Walker 
Arnott, LL.b. 12mo, with 12 Plates, 1I5, or coloured, 21j. 

BRYOLOGIA BRITANNICA ; containing the Mosses of Great Britain 
and Ireland, arraiiged and described. By W. Wilson. Svo. with fll Plates 
425. or coloured, £ 1 4s, 

The INDOOR GARDENER. By Miss Maling. Fcp. Svo. with 

coloured Frontispiece, 55. 

LOUDON’S ENCYCLOPEDIA of PLANTS ; comprising the Specific 
Character, Description, Culture, History, &c. of all the Plants found in 
Great Britain. With upwards of 12,000 Woodcuts. Svo. l.l5. Gd. 

Loudon’s Encyclopaedia of Trees and Shrubs ; containing the Hardy 
Trees :ind Shrubs of Great Britain scientitieally and popularly described. 
With 2,000 Woodcuts. Svo. D05. 

HISTORY 01 the BRITISH FRESHWATER ALGE. By A. H. 

Hassall, M.D. With 100 Plates of Figures. 2 vols. Svo. price £1 155. 
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MATJNDEB’S SCIENTIFIC and LITERARY TREASURY ; a Popular 

Encyclopaedia of Science, Literature, and Art. Ecp. 8vo. 10^. 

h. DICTIONARY of SCIENCE, LITERATURE and ART j comprising 
the History, Description, ami Scientific. I’rineiples of every Brandi of 
Human Knowledge. Edited by W. T. Bbandh, F.R.S.L. and E. Fourth 
Edition, revised and corrected. [Lj. press. 

ESSAYS on SCIENTIFIC and other SUBJECTS, contributed to the 
Edinburgh and Quarterly Beviews. By Sir 11. Hoj.laM), Bart. M.D. 
Second Edition. 8vo. 14iir. 

ESSAYS from the EDINBURGH and QUARTERLY REVIEWS; 

with Addresses and other pieces. By Sir A. F. \V. Ueiisciiel. Bavt,M.A. 


Chemistry^ Medicine^ Saryevij^ and the Allied 
Scietices, 


A DICTIONARY of CHEMISTRY and the Allied Hranchc.s of other 
Sciences; founded on Ihiilof the kite Dr. Ere. l>.v lliCMtv Wa’its, F.O.S. 
assisted by eminent Contributors, •■l vols. Svo. in course of imblicatiou in 
Monthly Parts. Von. 1. 31i% od. and Von. il. 20*'. arc luuv ready. 

HANDBOOK of CHEMICAL ANALYSIS, adapted to the Unitary 
System of Notation: Based ou Dr. H. W'^ills’ Autettnng znr rlwmisrhen 
Analyse. By F. T. Conis<ito\, M.A. F.G.S. lV)st svo. Is. Cri.— T aio.ks of 
Qualitative AsAJ-ysia to accompany tlio same, 'is. fid. 

A HANDBOOK of VOLUMETRICAL ANALYSIS. By Hobeut II. 
Scott, M,A. T.C.D. Post Svo. Is. Cd. 

ELEMENTS of CHEMISTRY, Tlicoretical and Practical. By William 
A.' Milleu, M.D. LL.D. F.U.S, F.tLS. Professor of Chetiiistry, Kiiig’.s 
College. London. 3 vols, sv<i. £1 12.v. I’Airr 1. (’ifK.vnc^n Physics. 
Third Edition enlarged, 12«. I^aut il. 1 voitOAMC (Jil fi.M isTUV. Second 
Edition, 20». Pabt III, Oeoamc Cjiemi.stey. Second Edition, 20«f. 

A MANUAL of CHEMISTRY, Descriptive and Thctirctieal. By 
William Odlino, M.B. F.R.S. Loetuver ou Chemistry at St. Bartholo- 
hiew’s Hospital. Pabt 1. 8vo. 9#. 

A Course of Practical Chemistry, for the use of Medical Students. 
By the same. Author. Part 1. crown 8vo. witli Woodcuts, 4ir. G</. Paet 11. 
(completion) just ready. 

The DIAGNOSIS and TREATMENT of the DISEASES of WOMEN; 

including the Diagnosis of l*regnancy. By Geatl v Hewitt, M.D. Physician 
to the British Lyiug-iu Hospital. Svo. Iti#. 

LECTURES on the DISEASES of INFANCY and CHILDHOOD. By 

Chakles B'bst, M.D. &c. Fourth Edition, revised and enlarged. Svo. Ht». 

EXPOSITION of the SIGNS and SYMPTOMS of PREGNANCY: 

with other Papers on suWeets eonneebjd Avith Midwifi'py. By W. F. 
tY, M.A. M.D. 31.R.IA. Svo, with liJustrations, ibs. 
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A SYSTEM of STTEGEllYy Theoretical and I*ractical. In Treatises 
by Various Authors, rirraiifced and edited by T. Holmes, M.A. Cantab. 
Assistant-Surgeon to St. George’s Hospital. 4 vols. 8vo. 

Vol. I. General Pathology. 21s. 

Vol. n. Local Injuries — Diseases of the Eye. 21s. 

Tol. ni. Operative Surgery. Diseases of the Organs of Special 

Sense, Bespiration, Cireiilation, Locomotion and Innervation. 215 . 

Vol. IV. Diseases of the Alimentary Canal, of the TJrino-genitary 
Organs, of tlje Thyroid, Mamma and Skiii ; with Ap])emiix of Miscellanet'us 
Subjects, and CIknuiiai, Index. [Eatly in October. 

LECTDRES on the PRINCIPLES and PRACTICE of PHYSIC. By 

Thomas Watson, M.ll. Pliy.sieian-Extraordiuary to the Queen. Ponrlli 
Edition. 2 voLs. 8vo. 3 tv. 

LECTURES on SURGICAL PATHOLOGY. By J. Taoet, F.RS. Sur- 
geon-Extraordinary to the Queen. Edited by W, Tueneu, M.B. 8vo. with 
117 Woodcuts, 2l5. 

A TREATISE on the CONTINUED FEVERS of GREAT BRITAIN. 

Ry C. MUKCUiaoN, M.D. Senior Physician to the Ijondou Pever Hospital. 
8vo. with coloun'd Plates, 185. 

DEMONSTRATIONS of MICROSCOPIC ANATOMY ; a Guide to the 
Examination of the Animal Tissues and Fluids in Health and l)ist«i8o% for 
the use of the Medical and V<‘terinary Professions. Founded on a Course of 
Lectures delivered by Dr. Hauley, Prof, in Euiv. (!oll. London. Edited by 
G. T. Hkown, late Vet. Prof, .in the Royal Agric. Coll, (hrencoster. Svo, 
with Illustrations. INearly ready. 

ANATOMY, DESCRIPTIVE and SURGICAL. By Henry Gray, 
F.R.S. With HO Wood Engravings from Dissections. Third Edition by 
T. Holmes, M.A. Cantab. Itoyal 8vo. 285. 

PHYSIOLOGICAL ANATOMY and PHYSIOLOGY of MAN. By the 

late R. B. Todd, M.I). F.R.S. and W. Bowman, P.li.S. of King’s College. 
With numerous Illustrations. Vol. II. Svo. 255. 

A New Edition of the FIRST VOLUME, by Dr. Lionel S. Beale, 
is preparing for publication. 

The CYCLOPJEDIA of ANATOMY and PHYSIOLOGY. Edited by 
the late R. II. ToDi), M.D. F.R.S. Assisted by nearly all the most eminent 
cultivators of Physiological Science of the present age. 5 vols. Svo. with 
2,853 Woodcuts, £8 05. 

A DICTIONARY of PRACTICAL MEDICINE. By J. Copland, M.D. 

F.R.S. Abridged from the larger work by the Author, assisted by J. C. 
Copland. 1 vol. Svo, [J» the press. 

Dr. Copland’s Dictionary of Practical Medicine (the larger work). 

3 vols. 8vo. £5 ll5. 

The WORKS of SIR B. C. BRODIE, Bart. I^Edited by Charles 
Hawk:ins^F.R.C.S JS. 2 vole. 8va “ the press. 
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MEBICAL NOTES and REFLECTIONS. By Sir H. Holland, Bart. 
M.D. Third Edition. 8vo. 18*. 

HOOPER'S MEDICAL DICTIONARY, or Encyclopiedia of Medical 
Science. Ninth Edition, brought down to the present time, by Alex. 
llENEY, M.D. 1 vol. 8\o. \^In the prexs. 

A MANUAL of MATERIA MEDICA and THERAPEUTICS, abridged 
IVom Dr. Pebeiea’s Elements by F. J. Fakhe, M.D. Cantab, assisted by 
R. Bkktley, M.11.C.S. and by R. WAJiaiKaTON, F.C.S. 1 vol. 8vo. 

Dr. Pereira’s Elements of Materia Medica and Therapeutics, Third 
Edition. By S. Taylok, M.D. and G. O. Rkkb, M.J). a vols. 8vo. with 
numerous Woodcuts, £;i 15*-. 


T/ie Fine Arts^ and Illustrated Editions, 

The NEW TESTAMENT of OUR LORD and SAVIOUR JESUS 

CHRIST. Illustrated with numerous Engravings <;n AV ood from the OLD 
MASTERS. Crown 4to. price <5as. elutli, gilt top; or price £5 Tjff. elegantly 
bound in morocco. [ia Octoher. 

LYRA GERMANICA ; Hymns for the Sundays and Chief Festivals of 
the Christian Year. Translated by Cattiebjne WiKKWOitTn : 125 Illus- 
trations on Wood drawn by J. Leighton, t’.SJV. Fep, 4to. 218. 

CATS’ and FARLIE’S MORAL EMBLEMS ; with Aphorisms, Adages, 
and Proverbs of all Nations: comprising 121 Illustrations on Wood by J. 
Leighton, F.S.A. with an appropriate Text by R. i'lUOTT. Imperial 8vo. 
318. 6fi. 

BUNYAN’S PILGRIM’S PROGRESS : with 126 Illu-strations on Steel 
and Wood by C. Bennett ; and a Preface by the Rev, C. Kingsley. Fcj>. 
4U). 218. 

The HISTORY of OUR LORD, as exemplified in Works of Art : 
with that of His Types, St. John the Baptist, and otln*r Persona of the Old 
and New Testament. By Mrs. Jamehon and Lady Eastlake. Being tin: 
Fourth and concluding Sejiies of ‘Sacred and Legendary Art;’ with 31 
Etchings and 2»1 Woodcut.s. 2 vols. square crown 8vo. 128. 

In the same Scries, by Mrs. Jajuebon. 

Xegends of the Saints and Martyrs. Fourth Edition, with 19 

Etchings and 187 Woodcuts. 2 vols. 318. Cdf. 

Legends of the Monastic Orders. Third Edition, with 1 1 Etchings 

and 88 Woodcuts. 1 vol. 218. 

Legends of the Madonna. Third Edition, with 27 Etchings and 165 

Woodcuts, 1 vol. 218. 


Arts^ Manufactures,, 

ENCYCLOPJEDIA of ARCHITECTURE, Historical, Theoretical, and 
Practical, By Joseph G wilt. With more tlian 1,000 Woodcuts. 8vo. 42$. 
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TUSCAN SCULPTORS, their Lives, Works, and Times. With Illus- 
trations from Original Drawings and Photographs. By Chables C. 
Pbkkins. 2 vols, imperial 8vo. the press. 

The ENGINEER’S HANDBOOK; explaining: the Principles which 
should guide the young Engineer in the Construction of Machinery. By 
C. S. Lowxhes. Post 8vo. 5s. 

The ELEMENTS of MECHANISM, for Students of Applied Mechanics. 
By T. M. Gooueve, M,A. Professor of Nat. Philos, in King’s Coll. Loudon. 
With 206 Wooiieuts, ]‘ost Hvo. M. 

URE’S DICTIONARY of ARTS, MANUFACTURES, and MINES. 

Rtvwritten and enlarged hy Robert Huxt, P.R.S. assisted by numerous, 
gentleiueu eminent in Science and this Arts. W'ith 2,000 Woodcuts. 8 vols. 
8v(>. £4. 

ENCYCLOPiEDIA of CIVIL ENGINEERING, Tlistorlcal, Theoretical, 

and Praistical. By E. Crksy, C.E. With above 3,000 Woodcuts. Svo. 42s. 

TREATISE on MILLS and MILLWORK. By W. Fairhairn, C.E. 
i'.lt.8. With IS I’latcK and 322 Woodcuts. 2 vols. Svo. ti&s. or each vol. 
separately, lOs. 

Useful Information for Engineers. Tiy tiie same Author. PinsT 

and SYUW.s.wMhuvAwy Vlates awl W oovieuts. tvola.e.YOWwSvo.'ils. 

or eae\\ vol. se\iara\iOly, 10s. Od. 

The Application of Cast and Wrought Iron to Building Purposes. 

By the same Author. Third Edition, with I'latt^s and Wood(ruls. 

{JSearlu ready. 

The PRACTICAL MECHANIC’S JOURNAL: An Illustrated Record 
of Jleehanieal and Enghiecriug Seieueo, and Epitoirie of Patent Inventions. 
4to. price. Is. iiionthly. 

The PRACTICAL DRAUGHTSMAN’S BOOK of INDUSTRIAL DE- 
SIGN. ByAV. JoiiEsoN, Assoc. Inst. C.E. With many hundred Illustrations. 
4to. 2S5. fl(/. 

The PATENTEE’S MANUAL ; a Treatise on the Law and Practice of 
Letters Patent for the use of .Patentees , and Inventors. By J. and J. H. 
Joii>'Sv)X. Post Svo. 7s. 6(1. 

The ARTISAN CLUB’S TREATISE on the STEAM ENGINE, in its 

various Appli<’a1i(uis to Mines, Mills, Steam Navigation, Railway.^ ami Agri- 
culture. By tl. Jior.KNK, C.E. Fifth Edition ; with 37 Plates and 51(5 Wood- 
cuts. 4to. 42s- 

A Catechism of the Steam Engine, in its various Applications to 
Minos, Mills, Steam Navigation, Railways, and Agriculture. By the same 
Author. With 80 AVoodcut-s. Pep, Svo. 6«. 

The STORY of the GUNS. By Sir J. Emerson Tennent, K.C.S. 

P.R.S. AVith 33 Woodeiits. I’ost Svo. 7«. Uci. 

The THEORY of WAR Illustrated by numerous Examples from His- 
tory. By Lieut . -Col, P. L. MacDov GALL, Third Edition, with 10 I’lans. 
Post Svo. 10«. 6d. 



NEW WOEKS ptTBLisirED bt IiONGMAN abd CO. 


17 


LLIEEIES and COLLIEKS ; A Handbook of the Law and leading. 

Cases relating thereto. By J. C. EoWLEJR, Barristcr-at-Law. Fcp. 8vo. 6#. 

0 A2tT of PEKFT7MEBY ; the History and Theory of Odours, and 
the Methods of Extracting the Aromas of Plants. By Dr. Pibsbb, P.C.S. 
Third Edition, with 53 \Vocd(nits. Crown 8vo, lOs. Gd. 

emical, Natural, and Physical Magic, for Juveniles during the 

Holidays. By the same Author. With 30 Woodcuts. Fcp. 8vo. 'is. Gd. 

.0 Laboratory of Chemical Wonders : a Scientific Melange for 

Young People. By the same. Crown 8vo. Gs. Gd. 

JjPA; or the Chronicles of a Clay Farm. By C. W. IIoskyns, 
Esq. With 24 Woodcuts from Designs by G. CiiUiKsiiAXK, 16mo. 5s. Od. 

R.H.the PRINCE CONSORT’S FARMS: An Agricultural Memoir. 

By John Ciialmkms Mortox. Dedicated hy permission to Her Majesty 
tlie QuJiliX. With 40 W ootl Engravings. 4to. 52s. Gd. 

indbook of Farm Labour, Steam, Water, Wind, Horse Power, 

Hand Power,. &c. By the same Autlior. lOmo. l.t. Gd. 

indbook of Dairy Husbandry ; comprising the General Managc- 

•ment of a Dairy Farm, &,e. Uy the same. IGmo. \«. Gd. 

ot AGt'B.lCTJ'L'TD'B.'Ei *. eoTnpnstng tbci 

liaying-ovxt, Improvement, and Maxiagemeut ot lAmdexV Property, and the 
Cuitivatiou and Ei’.oi.omy of the Produetioixs ot Agrieuiture. Witiv 1,\00 
Woodcuts. 8vo. 31s. G<i. 

Loudon’s Encylopeedia of Gardening: Comprising the Theory and 
l^ractice of HorticfiUnre, Floriculture, Arboriculture, and ,Landscai )0 Gar- 
dening. With 1,000 Wooilculs. 8vo. 31s. Gd. 

Loudon’s Encyclopaedia of Cottage, Farm, and Villa Architecture, 
and Furniture. With more than 2,(MM» Woodcuts. Svo. 42 a. , 

HISTORY of WINDSOR GREAT PARK and WINDSOR FOREST. 

Bv 'M'lui.iAAi IMknv.iks, Ivfsidcnt Thquify Surveyor. Derlicatt'd by per- 
mission toll, M. the Qcjsks. VVhth2 Maps, and 20 Photographs by the 
Earl of (.'AjTiiMJss and Mr. BRMfiRinfJU. Imperial folio, £8 8«. 

BAYLDON’S ART of VALUING RENTS and TILLAGES, and Claims 
of Tenants upon Quitting Farins, both at Miclciclnias and Lady-Day. 
Eighth Edition, adap'ed to tlic pi*«*s«Mit time by J.C. JloRTOX. 


J{eIi(.jious and Moral Tf'o?d:s. 

An EXPOSITION of the 39 ARTICLES, Historical and Doctrinal. 

By E. Harold Bkow>r, D.I). Lord Bi.shop of Ely. Sixth Edition, 8vo. 16.v. 

The Pentateuch and the Elohistic Psalms, in reply to Bishop Colenso, 

By the same Author. Svu. 2s. 

Examination Questions on Bishop BrovYne’s Exposition of the 

Articles. By the Bev. J. GokLE, M.A. Fcp. 3*. Otf. 
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NEW WORKS rtTBLiSHBP by LONGMAN CO. 


I'IVS L!E!CTTJ&£S on 'tlxo CSAKACTEK of ST. EAUIj « being tbo 
Hulaean lectures for 1802. By the Rev. J. S. Hovrsou, D.l). Second 
Edition. 8vo. 

A CRITICAL and GRAMMATICAL COMMENTARY on ST. FARL’S 

Epistles. By C. J. Elxicott, D.D. Lord BLshoxiOf Gloucester and Bristol. 8vo. 

Galatians, Third Edition, 8s. 6d. 

Ephesians, Third Edition, 8«. 6d. 

Pastoral Epistles, Second Edition, 10s. 6</. 

Philippians, Colossians, and Philemon, Second Edition, lOs. 8d. 
Thessalonians, Second Edition, 7«. 6d. 

Historical Lectures on the Life of our Lord Jesus Christ : being the 
llulsean Lectures for 1859. By ;tbe same. Third Edition. 8vo. 10s, 6d. 

The Destiny of the Creature; and other Sermons preached before 
the University of Cambridge. By the same. Post 8vo, 5s. 

The Broad and the Narrow Way; Two Sermons preached before 
the University of Cambridge. By the same. Crown 8vo. 2s. 

Rev. T. H. HORNE’S INTRODUCTION to the CRITICAL STUDY 

and Knowledge of the Holy Scriptures. Elevcntli Edition, corrootod and 
extended under careful Editorial revision. With 4 Maps and 22 W^oodcuts 
and Facsimiles. 4 vols. 8vo. £3 13s. Bd. 

Rev. T. H. Horne’s Compendious Introduction to the Study of the 

Bible, being an Analysis of the larger work by the same Author. Re-edited 
by the Rev. Joni* Axub, M.A. With Mai)s. &c. Post 8vo. ys. 

The TREASURY of BIBLE lOTOWLEDGE, on the Plan of Maunder’s 
Treasuries. ' By the Rev. Jonar Aybe, M.A. Fcp. Bvo. with 7^aps and Illus- 
trations. [In tfte prsss. 

The GREEK TESTAMENT; with Notes, Grammatical and Exegctical. 
By the Rev. W. Wbustee, M.A. and the Rev. W^. F. Wilkinson, M.A, 2 
vols. bvo. £2 4s. 

VoL. I. the Gospels and Acts, 20s. 

VoL. II. the Epistles and Apocalypse, 24s. 

The FOUR EXPERIMENTS in Church and State ; and the Conflicts 
of Churches. By Lord Bobeiix Montagu, M.P. 8vo. 12s. 

EVERY-DAY SCRIPTURE DIFFICULTIES explained and illustrated; 
Gospiils of St. Matthew and St. Mark. By J. E. Peescotx, M.A. late 
Fellow of C. C. Coll. Cantab. 8vo. 9s. 

The PENTATEUCH and BOOK of JOSHUA Critically Examined. 
By J. W. CoLENBO, D.D. Lord Bishop of Natal. Part I. tAc Pentateuch 
examined as an Historical Narrative. 8vo. 6s. Part II. the Age and 
Authorship of the Peniaieuch Considered, 7s. Bd. Part III. the Book of 
Deuteronomy, 8s. Part IV. the First 11 Chapters of Genesis examined and 
separated, with Remarks on the Creation, the Fall, and the Deluge, lOs. Bd. 
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The LIFE and EPISTLES of ST. PAUL. By W. J. Contbbarb, 

1I.A. late Pi'llow of Trin. Coll. Cantab, and J. S. Howbox, B.D. Principal of 
the Collegiate Institution, Liverpool. 

LiBRATiy Edition, with all the Original Illustrations, Majis, Landscapes 
on Steel, Woodcuts, Ac. 2 vols. 4to. 48#. 

IWTEHniEDiATE Ei>itj<3n, with a Selection of Maps, Plates, and Woodcuts, 
2 vols. square crown 8vo. 31#. <ad. 

People’s Edition, revised and condensed, with 4C Illustrations and 
Maps. 2 vols. crown 8vo. 12s. 

The VOYAGE and SHIPWRECK of ST. PAUL; with Dissertations* 

on the Sliips and Navigation of tho Ancients. By Jameb SlUXTU, F.R.S’ 
Crown 8vo. Charts, 8s, Qd. 

HIPPOLYTUS and his AGE ; or, the Beginnings and Prospects of 

Christi,anity. By Baron Bunsen, P.B. 2 vols. 8vo. 30#. 

Outlines of the Philosophy of Universal History, applied to Lan- 
guage and Rtdigion ; Containing an Account of tho Alphabetical Conferences. 
By the same Author. 2 vols, 8vo. 33#. 

Analecta Ante-Nicsena. By the same Author. 3 vols. 8vo. 42#. 

THEOLOGIA GEEMANIGA. Translated by Susannah Winkwouth: 
with a Preface by the Bov. C. Kingsley ; and a Loiter by Baron Bunsen. 
Pep, 8vo. Cs. 

INSTRUCTIONS in the DOCTRINE and PRACTICE of CHRIS- 

tianity, as an Introduction io Confirmation. By G. E. L. Cotton, D.D. 
Lord Bishop of Calcutta. 18mo. 2#. 6d. 

ESSAYS on RELIGION and LITERATURE. By Cardinal Wibe- 
jWAN.Dr. I). Rock, I'. H. L.\ing, and other .Writers. Edited by H. E. 
Manning, I>,D. 8vo. 

ESSAYS and REVIEWS. By the Rev. W. Temple, D.D. the Rev. 
R, Williams, B.B. tho Rev. B. Powell, M.A. the Rfw. If. B. Wilson, 
B.D. C. W. Goodwhn. M.A. the Rev. M. Pattibon, B.I). andtheR^. B. 
JowETT, M.A. 11th Edition. P’cp. 8vo. 5#. 

MOSHEIM’S ECCLESIASTICAL HISTORY. Murdock and Soames’s 
Translation and Notes, re-edited by the Rev. W. Stubbs, MA. 3 vols. 
8vo. 45#. 

The GENTILE and the JEW in the Courts of the Temple of Christ ; 
an lutroUnction to the History of Christianity. From the German of Prof- 
DbLLiNGEB,, by the Rev. N. DabneUi, M.A. 2 vols. 8vo. 21#. 

PHYSICO-PROPHETICAL ESSAYS, on the Locality of the Eternal 

Inheritance, its Nature and Character ; the Resurrection Body ; and tho 
Mutual R^jcognition of Glorified Saints. By the Rev. W. Lxbtbb, P.G.S. 
Crown 8vo. df. 

BISHOP JEREMY TAYLOR’S ENTIRE WORKS: With Life hy 
Bishop Hebeh. Revised and corrected by the Rev. C. P. Eden, 10 vols. 
8vo. £5 5#. 
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WOTLKS rr^LiaTTBi) by LO’SGMA'!? axb CO. 


PASSING THOUGHTS on HELIGION. By the Author of ‘Amy 
Herbert.' 8th Edition. Fcp. svo. 6#- 

ThonglitB for the Holy Week, for Young Persons. By the same 
Author. 2d Edition. Fcp. 8vo. 25. 

Night Lessons from Scripture. By the sahie Author. 2d Edition. 
S2mo. :*5. 

Self-Examination before Confirmation. By the same Antlior. 32mo. 
price Is. Gd. 

Readings for a Month Preparatory to Confirmation, from Writers 
of the J3ar]y and English Clmrch. Jiy the same. Fcp. -Is. 

Readings for Every Day in Lent, compiled from the Writings of 
Bishop Jkremy Tatloii. By the same. Fcp. bvo. 5.s. 

Preparation for the Holy Communion; the Devotions chiefly from 
the works of Jeuemy Taylor. By the same. u2iui). 35. 

MORNING CLOUDS. Second Edition. Fep. Svo. 55. 

The Afternoon of Life. By the same Author. Second Edition. 
Pep. fi«. 

Problems in Human Nature. By the .same. Post Svo. 5s. 

The WIFE’S MANUAL; <ir. Prayers. Tlioughts, and Songs on Sevor.al 
Occasions of a Matron’s Life. By the llcv. W. Caj.vert, M.A, Crown 8vo. 
pri(!o 105. (k/. 

SPIRITUAL SONGS for the SUNDAYS and HOLIDAYS through- 
out tlie Year. By J. S. B. Monskll, LL.D. Vicar of Egliain. Third Ediiion. 
Pep. 8vo. 45. Gd. 

HYMNOLOGIA CHRIETIANA ; or. Psalms and Hymns selected and 
arranged in the or(I<‘r of tin* Christian Seasons. By B. 11. Kenziejoy, D.l). 
Pndicudary of Licliliold. Crown Svo. 7s. 6d. 

LYRA SACRA; Hymns, Ancient and IVIodern, Odes and Fragments 
of Sacre4 I’octry. Edited )>y tlu; Ivov. B. W. Savile, M.A. Fcj), Svo. 55. 

LYRA GERMANICA, translated from the German by Miss C. Wjnk- 
WOKTH. First Skkiks, Hymns for the Sundiiys and Chief Festivals; 
SKCOjfU Sebies, tilt; Christian Life. Fci».8vo. 5s. each Series. 

Hymns from Lyra Germanica, 18mo. Is. 

LYRA EUCHARISTICA; Hymns and Verses on the Holy Communion, 
Ancient and Modern : with other Poems. Edited by the Tic v. Ordy^ Siiir- 
LEY, M.A. Second Edition^ revised and enlarged. Fcj}. 8vo. 75. Gd. 

Lyra Messianica; Hymns and Vei-ses on the Life of Christ, Ancient 
and Modern ; with other Pucjus. By the same Editor. Fcp. Svo. 7s. Gd. 

Lyra Mystica ; Hymns and Verses on Sacred Subjects, Ancient and 
Modern. Forming a companion volume to the above, by tho same Editor, 
Fcp. 8vo. iJ\'earhj ready. 
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LYEA BOHESTICA ; Christian Songs for Domestic Ei\itication. 
Translated from the Psaltery and Harp of C. J. P. SpiXTA.and from other 
sources, by RicnAiii) Massik. Fiest and Secoku Series, fcp. 8vo. 
price 4s. Qd. each. 

The CHORALE BOOK for ENGLAND ; a complete ITymn-Tiook in 
accordance with tlu> Services and Festivals of the Church of Jhijeland: the 
Hymns translated by Miss C. AVinkwoetii ; the luties aiTanged by Prof. 
W. S. Ben .vett and Otto Goldsch P’ep. 4lo. U».v. Gd. 

Congregational Edition. Fcp. 8vo. price 1.?. Gd. 


Travel% VoycKjei^^ tjr. 

EASTEKN EUEOPE and WESTERN ASIA. Political and Social 
.Sket(die3 on Knssia, (JrfN'ce, and Syria. By Henry A. Tjleey. With 0 
Hlustratioiis. Post 8vo. lOs. Ct/. 

EXPLORATIONS in SOUTH-WEST AFRICA, from Walvisch Bay to 
Jjakc Njf'oni atid the Tictoria Falls. By Thomas Baines. 8vo. with 
Map and Illustrations. [/» Ortobe-r, 

SOUTH AMERICAN SKETCHES ; or, a Visit to Ilio Janeiro, the 
Or?ran Moinitains, La Plata, and the Parana. By Thomas VV. Uinchlife, 
M.A. F.11.G.S. Post 8vo. with Illiustrations, 12, s. Ot/. 

EXPLORATIONS in LABRADOR. By Henry Y. ITind, M.A. 

F.ll.G.S. W^ith Maps and Jllustralioiis. 2 vols. 8vo. .82.9. 

The Canadian Red River and Assinnihoine and Saskatchewan 
Explorinjr Expeditions. By the same Author. With Majjs and Illustrations. 
2 vols. $v<j. 42.9. 

The CAPITAL of the TYCOON ; a Narrative of a 7’hroc’ Years’ Resi- 
dence in .lanan. By Sir Hutiieefort) AECtKnc, K.C.IJ. 2 vols. 8vo. with 
numerous 111 ustrat ions, 42.9. 

LAST WINTER in ROME and other ITALIAN CITIES. By C. 

R. AVet.I), Anther of ‘ The IVrences. W'est and E.nst,’ A.c. 1 vol. post 8vo. 
with a Portrait of ‘Stella,’ and Engravings on Wood from Sketclms by 
the Author. l.In the Autumn, 

AUTUMN RAMBLES in NORTH AFRICA. By John Oraisiit, 
of the Middle Temple, .Author of the ‘Ascent of the Grivola,’ in ‘Peaks, 
Passes, and Glaciers.' With 13 Illustrations on W'ood from Sketches by tlie 
Author. Post Svo, 8.9. (V/. 

PEAKS, PASSES, and GLACIERS; a Scries of Excursions by 
Members of the Alinne, Club. Edited by J. Ball, M.E.I.A. Fourth 
Edition ; Maps, Illustrations, W'oodcuts. Square crown 8vo.2ls. — T ravel- 
,s' Edition, condensed, KJmo. hs.Gtl. 

Second Series, edited hy E. S. Kennedy, M.A. F.R.G.S. With 
many Maps and Illustration.?. 2 vols. square crown Svo. 42s. 

Nineteen Maps of the Alpine Districts, from the First and 
Second Scries of Pmkfi, Passes, and Glaciers. Price 7s. Gd. 
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NEW WORKS prrBUSHBB by LONGMAN aitd 00. 


The DOLOHITE MOtTN'TAIITS. Excursions through Tyrol, Carinthia, 
Carniolai, and Friuli in 1861, 1862, and 1863. By J. Qilbbkx and G. C. 
Chubchixl, F.ILG.Sw With numerous Ulustrations. Square orowii 
8vo. 21r. 

HOTJKTAIKEESING in 1861; a Vacation Tour. By Prof. J. 
Ttndaxi., F.R.S. Stiuare crown 8vo. with 2 Views, 7a. 0d. 

A SBMMEB TOTTB in the GBISONS and ITALIAN VALLETS of 

the Bernina. By Mrs. H exry Fueshpield. With 2 Coloured Maps and 
4 Views. J’ost 8vo. 10*. fit/. 

Alpine Byeways ; or, Light liCaves gathered in 1859 and 1860. By 
the same Authoress, Post 8vo. with Illustrations, 10 a 6d. 

A LADY’S TOUB BOUND MONTE BOSA; including Visits to the 
Italian Valleys. With Map and Illustrations, Post 8vo. 14 a. 

GUIDE to the FYBENEES, for the use of Mountaineers.^ By 
Cn AELKS Packe. With MapvS, Ac. and a now Appendix. Fcp. 6 a 

GUIDE to the CENTBAL ALPS, including the Bernese Oberland, 
Eastern Switzerland, Lombardy, and Western Tyrol. By JoHif Bali., 
Post 8 VO. with 8 Maps, 7». 6d. or with an IXTROprcTiON on 
Alpine Travelling, and on tlus Geology of the Alps, 8.v. Gd. The Introih'C- 
Tiox separately, Is. 

Guido to the Western Alps. By the same Author. With an 
Article on the .Geology of the Alps by M.E. Dssob. Post 8vo. with Maps, 
Ac. 7s. Gd. 

A WEEK at the LAND’S END. By J. T. Blight ; assisted by E. 
H- Roi)i>. II. Q. Cone IT, and J. Ralps. With Map and 06 Woodcuts. Fcp. 
8vo. 6s. 6d. 

VISITS to REMARKABLE PLACES: Old Halls, Battle-Fields, and 

Scenes Tlhistrative of Striking P,assages in English ITistorj' and Poetry. 
By WiLi.TAM Howitt. 2 vols. square crown 8vo. with Wood En^avings, 
price 25s. 

The BUBAL LIFE of ENGLAND. By the same Author. With 

Woodcuts by Bewick and Williams. Medium 8vo. I2s. Gd. 


WorA:6‘ of Fiction, 

LATE LAURELS : a Talc. • By the Author of ‘ Wheat and Tares.’ 2 
voIb. post 8vo. Its. 

GBYLL GRANGE. By the Author of ‘Headlong Hall.* Post 8vo. 
price 7s. Gd. 

A FIRST FRIENDSHIP. [Reprinted from Fraser's MagaziM.'l 
Crown 8vo. 7s, Gd, 

THALATTA ; or, the Great Commoner : a Political Romance. Crown 
8vo. 9s. 
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ATHEBSTONE FBIOBY. By L. K. Comyn. 2 rols. post 8vo. 215 . 
Ellice : ii Talc. By the same. Post 8vo. 9.v. 6d. 

The LAST of the OLD SaDIRES. By the Rev. J. W. Wahteb, B.D. 

Second Edition. Pep. 8vo. 4s. Gd. 

TALES and STORIES by the Author of ^ Amy Herbert,* uniform 
Edition, each Story or Tale in a single Volume. 

Amy Herbeut, 2s.0d. IroiiS, 3.s. Gd. 

Gertrude, 2s. Gd. Katharine Abitton, 3.s. 6d.l 

Eaiu/8 Daughter, £«. Cd. Margaret PEuciVAji, 5s. 

Experience of Life, 2s. 6d. Lankton PAiiaoNAGE, 4s. 6d. 

Oleve Hall, 3s., 6d. Ursula, 4s. Gd. 

A Glimpse of the World. By the Author of ‘Amy Herbert.’ Fcp. 7s, Cd„ 

ESSAYS on FICTION ; comprising Articles on Sir W. Scott, Sir E. B. 
IjVtton, Colonel Senior. Mr. Tjtackkua v, and M rs. Pkecjj ek Stowe. Bo- 
printed clii(ifly from the Edinburgh, Ctuartcriy, and IWntmiuster Meviaws ; 
with large Additions. By Nabsau W. Senior. Post 8vo. 10s. Gd. 

The GLADIATORS : A Tale of Rome and Judma. By G. J. Whttb 
Melville, Crown 8vo. 

Digby Grand) an Autobiography. By the same Author. 1 vol. 5«. 
Kate Coventry, an Autobiography. By the same. 1 vol. 5s. 

General Bounce, or the Lady and the Locusts. By the same. 1 vol. 5s. 
Holmby House, a Talc of Old Northamptonshire. I vol. 5s. 

Good for Nothing, or All Down Hill. By the same. 1 vol. 6s. 

The Queen’s Maries, a Romance of Ilolyrood. 1 vol. Gs. 

The Interpreter, a Tale of the War, By the same. 1 vol. 5s. 

TALES from GREEK MYTHOLOGY, By the Rev. G. W. Cox, M. A. 

lato Scholar of Triii. Coll. Oxon. Soiwid Edition. Square IGmo. 8s. 6d. 

Tales of the Gods and Heroes. By the same Author. Second 

Edition. Fcp. 8vo. 5s. 

Tales of Thebes and Argos. By the same Author. Fcp. 8vo. 4s. dd. 

The WARDEN: a Novel. By Anthony Trollope. Crown 8vo. 3s. dd. 

Barchester Towers : a Sequel to * The Warden.’ By the same 
Author. Crown Svo. 5s. 

The SIX SISTERS of the VALLEYS: an Historical Romance. By 

W. Bramley-Moore, M.A. Incumbent of Gerrard’s Cross, Bucks. With 
14i Illustrations on Wood. Crown Bvo. 5s. 



24 


NEW WORKS rvBLTSiiED by LONGMAN and CO. 


Poetry and the Drama. 

MOOSE’S POETICAL WORKS, Clieapcfit E<litions complete in 1 vol. 

includinp^ tli<j AutobioKrapbical Profact's and Author’s last Not^s, which are 
still copyright. Crown 8vo. ruby type, with Portniit, .7s. Crf. or People’s 
Edition, in larger type, 12s. <v/. 

Moore's Poetical Works, as above, Library Edition, mcditiin 8vo. 

with Portrait and Vigii<*ttc, 21.9, or in 10 vols. fcp. JJs, <>ri. each. 

TENNIEL’S EDITION of MOORE’S LALLA ROOKH, with r,8 Wood 

Engravings from original Drawings and other Illustrations. Pep. 4to. 21s. 

Moore’s Lalla Rookh. 32mo. Plate, 1 j. IGmo. Vignette, 2.9. &d. 

Square crown 8vo. with 1:1 Plates, 15*. 

MACLISE’S EDITION of MOORE’S IRISH MELODIES, with 161 
Steel Platc.s from Original Drawings. Snpor-royal Svo. Sis. i>d. 

Moore’s Irish Melodies, 32mo. Portrait, l.v. IGmo. Vignette, 2 a‘. 6rf. 
Square crown Bvo. Avith IS Plates, 215. 

SOUTHEY’S POETICAL WORKS, with the Author’s last Corrections 
and copyriglil Additicnis. library Edition, in 1 vol. medium 8vo. with 
Portrait and Vignette, 14.9. (W in lu vols. fep, S5. «</. eacii. 

LAYS of ANCIENT ROME ; with Jvty and the Armada. By the 
Right Hon. l/OUi» Macai j.av. lOnio. 45. 0/7. 

Lord Macaulay’s Lays of Ancient Rome. With 90 Illustr.ttions on 
Wood ..Original and frenn tlw Antique, from Drawings by G. SciiAur. Pep. 
4to. 215, 

POEMS. By Jean Inoelow. Seventh Edition. Ecp. Svo. f>.s. 
POETICAL WORKS of LETITIA ELIZABETH LANDON (^L.E.L.) 

2 vols. 16mo, 10.9. 

PLAYTIME with the POETS ; a Selection of the best English Poetry 
for the use of Cliildron. By a Lady. Crown Svo. 5s. 

The REVOLUTIONARY EPICK. By the Right lion. Benjamin 
Disraeli. Pep. Svo. 5s. 

BOWDLER’S FAMILY SHAKSPEARE, cheaper Genuine Edition, 
complete in 1 vol. larger type, with ;n> Woodcut lllnslrations, jn’ice 145. or 
with the same li,i,i'STitATio.Ns, in (i pochet vols. 5.9. eael). 

An ENGLISH TRAGEDY ; ;Mary Stn.art, from Sciiiller ; and Mdlle. 
I)e Belie Isle, from A. DrMAS.—each a I’lay in 5 Acts, by Pranceb Asse 
Kemble. Post Bvo. 125. 


Rural Si)ort% ifc. 

ENCYCLOPJEDIA of RURAL SPORTS; a complete Account. IIis> 
torical. Practical, and Descriptive, of Hnutnig. Shooting, Pisbimr, Racing, 
&c. By 1). 1’. Blaine. AVilh above coo Woodcuts (20 from Designs by 
John Leech j. »vo. 425. 
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COL. HAWKER’S INSTRITCTIONS to YOUNG SPORTSMEN in all 

that relates to Guns and Shooting. Revised by the Author’s Son. Square 
crown 8vo. with Illustrations, ISs. 

NOTES on RIFLE SHOOTING. By Captain ITeaton, Adjutant of 
the Third Manchester Rille Volunteer Corps. Ec)). Svo. '2s. Gd. 

The DEAD SHOT, or S])ortsman’s Complete Guide ; a Treatise on 
the Use of the Gim, Dog-breaking, Pigeon-shooting, &e. Py Makebman. 
Fcp. Svo. with Plates, 

The CHASE of the WILD RED DEER in DEVON and SOMERSET. 

By C. P. CoLLYNH. With Map and Illustrations. Sciuare crown Svo. l&r. 

The FLY-FISHER’S ENTOMOLOGY. By Alfjiei) Ronalds. With 
coloured Representations of the Natural and Artificial.! useirt. 6th Edition ; 
with 20 coloured Plates. Svo. 14 a’. 

HANDBOOK of ANGLING : Teaclunp Fly-fisliing, Trolling;, Bottom- 
fl8tiing,’.Salmon-hshing; with the Natural History of River Fish, and iho 
best modes of Catching them. By Ei’IIEMKRA. Fcp. Woodcuts, 5ff. 

The CRICKET FIELD ; or, the History and the Science of the Game 
of Cricket. By J. pYCitoFX, B.A. Trin. Coll. Oxon. Ith Edition. Fcp. 
Svo. C«. 

The Cricket Tutor ; a Treatise exclusively Practical. By the same. 

ISUIO. D'. 

The HORSE’S FOOT, and HOW to KEEP IT SOUND. By W. 

Miles, Esq. ilth Edition, with Illustrations. Imp. Svo. I2s. Gd. 

A Plain Treatise on Horse-Shoeing. By the same Author. Post 
Svo. with Illustrations, '2s. 

General Remarks on Stables, and Examples of Stable Fittings. By 
the s.ame. Imp. Svo. with l.*l Plates, 

Remarks on Horses’ Teeth, adapted to Purchasers. By the same 
Author. Crown Svo. Is. (id. 

The HORSE : with a Treatise on Draught. By William Yooatt. 
New Edition, revised and enlarged. Svo. with numerous Woodcuts, Khr. 6d. 

The Dog. By the same Author. Svo. with numerous Woodcuts, 6s. ‘ 

The DOG in HEALTH and DISEASE. By Stonehenge. With 70 
Wood Engravings. Square crown Svo. 15#, 

The Greyhound. By the same. With many Illustrations. Square 
crown Svo. 21«. 

The OX ; lus Diseases and their Treatment: with an Essay on Parturi- 
tion in the Cow, By J. R. Dobson, M.R.C.V.S. I’ost Svo. with Illustrations. 

IJitit readjf. 
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NEW WORKS 'puBLiSHBur BY LONGMAN and GO. 


Commerce^ Navigation^ and Mercantile Affairs, 

The ULW of NATIONS Considered ns Independent Political Com- 
munities. By Tkavhus Twias, D.C.L. Regius Professor of Civil Law in the 
TTnivorsity of Oxford. 2 vois. 8vo. 305. or separately, Pakt 1. jPeace, 125. 
Pabx II. War, 185. 

A DICTIONARY, Practical, Theoretical, and Historical, of Com- 
merce and Commercial Navigation. JtyJ. R. M'Culloch, Esq. Svo.witli 
Maps and Plans, 50s. 

The STUDY of STEAM and the MARINE ENGINE, for Youn^ 

Sea. OJIicers. By S. M. Saxb y, R.N. Post 8vo. with 87 Diagrams, 55. 6oL 

A NAUTICAL DICTIONARY, defining the Technical Language re- 
lative to the Building and Equipment of Sailing Vessels and Steamers, &c. 
By Ainjiuji Youno, Second Edition ; with Plates and 150 Woodcuts. 
8vo. 185. 

A MANUAL for NAVAL CADETS. By J. M‘Neil Boyd, late Cap- 
tain R.N. Third Edition; with 24* Woodcuts and 11 coloured Plates. 
Post 8vo. 125. Gd. 

Every Cadet in the Royal Navy is required hy the R('gulation8 of Iho 
Admiralty to have a copy of this work on his entry into the Navy. 


Wo7^Ics of Utility and General Information, 

MODERN COOKERY for PRIVATE FAMILIES, reduced to a System 
of Easy Practice in a Series of carefully-tested Rceoipts. By Eliza Acton. 
Newly revised and enlarged ; with 8 Plates, Figures, and 160 Woodcuts. 
Pep. 8vo. 75. Od. 

On FOOD and its DIGESTION ; an Introduction to Dietetics. By 
W, Brtnton, M.D. Pl)y.sieian to St. Tliomas’a Hospital, &c. With 48 Wood- 
cuts. Post 8vo. 125. 

ADULTERATIONS DETECTED ; or Plain Instructions for the Dis- 
covery of Frauds iu Food and Medicine. By A. H. Hashall, M.D. Crown 
8vo. with Woodcuts, 175. 6d. 

The VINE and its FRUIT, in relation to the Production of Wine. 
By Jambs L. Denman. Crown 8vo. 85, 6d. 

WINE, the VINE, and the CELLAR. By -Thomas G. Shaw. With 
28 Illustrations on Wood. 8vo. 16s. 

A PRACTICAL TREATISE on BREWING ; with Formulce for Public 
Brewers, and Instructions for Private Families. By W. Black. 8vo. 105. Cd. 

SHORT WHIST ; its Rise, Progress, and Laws ; with the Laws of 
Piquet, Cassino, Ecai-ttS Ctibbage, and Backgammon. By Major A. Fcp. 
8vo. 85. 



NEW WORKS PFBWBHEP ST LONGMAN ass CO. 


27 


HINTS on ETIQUETTE and the USAGES of SOCIETY ; with a 
6lan«o at Rad Habits. Revised, with Additions, by a Last of Rask. Fop. 
bvo. r " ’ 

The CABINET LAWYEB ; a Popalar Digest of the Laws of England* 
Civil and Criminal. iWt JSrlition, extended by the Author ; inclnding the 
Acts of the Sessions 1S62 and 1803. Fcp. 8vo. 10«. 6d. 

The PHILOSOPHY of HEALTH ; or, an Exposition of the Physio- 
loffieal and Sanitary Conditioixs conducive to Human Longevity and 
Happiness. Hy SoirTiiW'Oon Smith, M.D. Eleventh Edition, revised and 
enlarged : with New Plates, 8vo. f Jast ready. 

HINTS to MOTHERS on the MANAGEMENT of [their HEALTH 

during the Period of Pregnancy and in the Lying-in Boom. ^By T. BoLXu 
M.D. Fcp.Svo.ns. ^ 

The Maternal Management of Children in Health and Disease. By 

the same Author. Fcp. 8vo. es. 

NOTES on HOSPITALS. By Pixieence Nigiitinqalb. Third Edi- 
tion, enlarged ; with 10 Plajis. Post 4to. 1S«. 

C, M. WILLICH’S POPULAR TABLES for ascertaining the Value 
of Lifehold, Leasehold, and Church Profjerty, Ihnicwal Pines, Ac. ; tho 
Public Funds ; Annual Average Price and Interest on Consols from 1781 to 
1861; Chemical, Geographical, Astronomical, Trigonometrical Tables, Ac. 
Post 8VO, 10«. 

THOMSON’S TABLES of INTEREST, at Three, Four, Four and a 
Half, and Five per Cent, from One Pound to Ten Tiiousand and from 1 to 
865,I)!iys. l2mo. Ss. Gel. 

MAUNDER’S TREASURY of KNOWLEDGE and LIBRARY of 

Reforemre: coiriprisiug an English Dictionary and Grammar, a Universal 
Gazettc«!r, a Classical Dictionary, a ChronoU)gy, a Law Dictionary, a Synop- 
sis of the Peerage, useful Tables, Ac. Fcp. 8vo. 10s. 


General and School Atlases, 

An ELEMENTARY ATLAS of HISTORY and GEOGRAPHY, from 

the commencement of the Christian Era to the l^.sent Time, in 16 coloured 
Maps, chronolojncally arranged, with illustrative Memoirs. ]^the Rev. 
J. S. Bbewes, M.A. Royal 8vo. 12s. Gd. 

SCHOOL ATLAS of PHYSICAL, POLITICAL, and COMMERCIAL 

GEOGRAPHY, in 17 full-coloured Maps, accompanied by desciiptiro Letter- 
press. By E. Hnanss, F.R.A.S. Royal 8vo. 10*. 6d. 

BtSHOF BUTLER’S ATLAS of ANCIENT GEOGRAPHY, m a Seriea 
of 24 full-coloured Maps, accompanied by a complete Aocentuated Index. 
New Edition, corrected and enlarged, ^yal bvo. 12« 
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BISHOP BUTLER’S ATLAS of MODERN GEOGRAPHY, in a Series 

of 3:i full-o()Joiir(>(l Maps, accompanied by a complcle Alpliabetical Index. 
New Edition, correetod and eiilarifeil. lt(jyal 8vo. lOs. Qd, 


Iw consequence of the rapid advance of 
geograpliical discovery, and the many re- 
cent cnaTiKcs, IhrouKii political cauacs. in 
the boundaries of various countries, it has 
been found necessary tljorou^iily to revise 
this lonK'CStablislied Atlas, at>d to sidd 
several new Ma,I‘S. New Maps have been 
triven of the followirij; countrifs : Palestine, 
Canada, and the adjacent provinces of New 
lirunnwick, NoraScotm, ■.lUilNeicfoutidliiyicl, 
the American Stafee liorderin^; on ti>e 
ViMiUlc, Jiaetern Auetrulia, and New Zca~ 
land. In adihtion to these Maps of 
Weatern Australia and 'J’aamania iiuvo 
been K*ven in coini)artmeiit.4 ; thus eoiti- 
pietlnp the revision of tlio M a p of Amtrul^ 
aaia, rendered necessary i>y the risini? 
importance of our Auatrahisiiui poeacs- 
sions. In the Map of Europe, Iceland has 
also been re-drawn, and liic new boundarios 


of France, Italy, and Auatria represented. 
Tlie M AA’H of tlie three last-named countries 
have been carefully revised. The Map of 
Switeerland has l)een wliolly re-drawu, 
sitowintc more accurately the physical 
features of the country. Africa has been 
carefully compared with the discoveries of 
LiviNosToyn, Bunrox, Spjckb, Bautu, 
and other exnlorers. The number of Maps 
is thus raised from Thirty to Thirty-three. 
An entirely new Ixbex has been con- 
structed; :in<l the price of tlio work lias 
been reduced from 14 a. to Balf-a-tSuinea. 
'riie present edition, liieretore, will be 
found much superior to former ones; and 
the Publishers feel assured that it will 
maintain the character whitdt this work 
lias so lotiK en joyed as a popular and com- 
prehensive School Atlas. 


MIDDLE-CLASS ATLAS of GENERAL GEOGRAPHY, in a Scries of 
JJH fttll-colotircd IMtips. containiiif!: th(> most rcemit Tctritorial Chatiffos and 
Discoveries. Hy Waj.tbu 3rJiKoi>, 4to. 5y. 


PHYSICAL ATLAS of GREAT BRITAIN and IRELAND ; compris- 

inp JJO full-colowred Maps, with illustrative Letterpress, forming a Concise 
Synopsis of British I’hysieal Geograpliy. Dy Waltek .M'Leod, E.II 1 .G.S. 
I’ep. 4to, 7*'. (id. 


Peril hU ca I Piiblica tions. 

The EDINBURGH REVIEW, or CRITICAL JOURNAL, published 

Quarterly iii Jautiary, Ai»ril, July, and October. 8vo. price C#. each No. 

The GEOLOGICAL MAGAZINE, or Monthly Journal of Geology, 
ctlited hy T. llt'PKitT Jones, F.G.S. assisted by ItENiiV Woodward, F.GJ5. 
8vo. price Is. Gd. each No, 

ERASER’S MAGAZINE for TOWN and COUNTRY, published on 

tiie 1st of each Mouth. 8vo. price 2jr. (id. each No. 

The ALPINE JOURNAL: a Record of Mountain Adventure and 
Scientitic Observation. Ey Members of the Alpine Glub. Edited by 
Jl. B. Geokoe, M.A. Published Quarterly, May 81, Aug. 81, Nov. SO, Peb.28. 
8vo. price 15. Gd. each No. 
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